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CHAPTER III 

TEMPERATE AND POLAR ZONES— DESERTS 
AND MOUNTAINS 

Temperate Zones— Climate and Suisdivisions. — The climate o( 
the so-called temperate zones justifies the customaiy name only to a 
limited extent; for the north temperate zone, at any rate, the name of 
intermediate or middle would be more appropriate. The mean tempera- 
ture.s of the hottest and of the coldest months respectively lie far apart, 
especially in districts with a continental climate (for instance, 50“ C. [120° F.], 
in North-eastern Siberia), which are further characterized by extreme daily 
variations (amounting- sometiines to 40° C. [96° F.] or more). It is con- 
venient to recognize two SUETROTlCAL BELTS immediately adjoining the 
tropical zone and separating it from the temperate zones in the strict .sense; 
either temperate zone may further be subdivided into a WARM-TEMI'ERATE 
BELT (mild -winter districts) and a COLD -TEMPERATE BELT (cold-winter 
districts). The subtropical belts are largely occupied by deserts, which 
here attain their greatest development. 

Warm-temperate Districts with Dry Winters. — Those dis- 
tricts in the n^arm-temperate belt for which winter is the dry season, vary 
greatly as regards their vegetation, even within limited areas, in accordance 
with the character of rainfall and wind.s and other factors ; but grassland 
and savanna-forest are perhaps commoner than pure woodland. 

The wide tracts of ivarm-tempcrate savanna and steppe which formerh" 
existed in Australia havm been largely converted into excellent wheat land. 
In the unaltered Australian savanna the Grass Tree {Xatit/wirfnva spp.) is 
a curious feature of the landscape. Savanna-forest is strikingly developed 
in the blue-gum districts of Australia. The giant eucalypti, 300-400 ft. 
high, stand, “ seemingly at measured distances, singlj'- or in small clump.s, 
as if planted by the hands of a landscape gardener”. The undergrowth, 
if woody, is generally meagre, while grass maintains itself well. 

Warm-temperate D1STRICT.S with Moi.st Winter.s. — The com- 
bination of mild moist winters with summer drought is found in a number 
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of wifiely separated districts, such as the Mediterraiie.-in countries, the 
■Ciape <if Good Hope, South-western Australia, California, and (Central 
Chili. ICverywhere it determines a peculiar vef^etation (lVlat;chiii, Scrub, 
Chap)xiral, &c.), consisting mainly of shrubs with very characteristic leathery, 
dull-coloured, evergreen foliage. The leaves are siuall and .simple, often 
strongly aromatic, and .sometimes placed vertically; the thorny slioots so 
common in other periodically dry districts are rare. Examples of this 
type of shrub are the familiar Myrtle {Myrtns coinmunu), laivendm- 
{Lavandula vera), and Rosemary {Rostnariims officinalis) of the Medi- 
terranean flora, the bushy Heaths {Erica spp.) — and hcath-like plants 
belonging to other familie.s — of the Cape and many of the Australian 
Wattles {Acacia spp.). The evergreen condition is no doubt connected 
with the almost continuous conflict between the interests of pliotosynthesis 
and of transpiration which results from the character of the cUmat<'. The 
liard-leaved (sclerophyllous) shrubs are accompanied I))' an exti-aordinarily 
rich flora of plants with bulb.s, tuber.s, or other underground organs (g;eo- 
phyte.s), which .senfl green shoots above ground only for a sliort time 
during the wet .sea.son, 

COLD-TKMI’KKATIC llKT.T. — The cc.ild-wiuler belts of the temperate 
zones .show less variety in their plant formations tluiii any province 
hitherto considered, partly on account of the increased severity of the 
climate, and, for the rest, owing to the effects of [imlonged contact with 
civilization. Modification by man is least marlce<l — because of most recent 
origin — in North America, where fore.st and grassland are still on the whole 
di.stributed in accordance with the primaries laid down above iii, 
P- 173> 

Forest, S. — Cold-temperate fore.st.s tire conveniently divided into two 
classe.s, namely, broad-leaved fijrests, composed of deciduous trees, occupy- 
ing the warmer districts; and narrow-leaved or coniferous foi-ests, inhabiting 
the colder tracts. The .segregation implied i.s, however, by no means com- 
plete, and is perhaps to a great e.xtent a con.se<iucnce of human interference, 
In the grand fore.sts of the Allcghanies, oaks, chestnuts, maples, beeches, 
birches, and the tulip-tree {JJriodcndrou tuUpi/cra) flourish siile by side 
with hemlock-spruce {Tsiiga canadensis) ami pines {Pinns Strobns, &:c.); 
and the .scanty relics of virgin forest in Europe consist of a mixture far 
more varied than that which composes ordinary woods. Hut great uni- 
formity in composition, stature, and colouring is on the whole characteristic 
of cold-winter woodland, and, together with the rarity of lianes and epi- 
phytes and the general poverty of the permanent undergrowth, gives to 
this formation an air of restfulness which is in sharp cfjutrast to the activity 
of the tropical rain-forest. 

While the evergreen (coniferous) forest is always nearly bare of under- 
growth — except for the autumn crop of large fungi, which also occurs in 
the broad-leaved fore.st — the deciduous woods have a brief show of flowering 
undergrowth in the early spring, when light is relatively intense under the 
leafless crowns, besides a permanent though meagre flora of ferns, mosses 
and shade-loving flowering herbs such as Oxalis Acetosdla (Woodsorrel), 
Sanicula europm (Sanicle; ^\\A Lysimachia nemorimi (Yellow riini)ernel). 
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Grassland, — Steppe and meadow, the two forms of cold-temperate 
grassland, are not clearly separable, and often occupy the same climatic 
region side by side, alternating in accordance with edaphic differences. 
On the whole, however, the steppe is more xerophilous than the meadow, 
and partly for this reason has not been greatly altered b)'- man, at any rate 
where it occurs on a large scale; whereas natural meadows hardly exist 
in Western and Central Europe at the pre.sent day, and are not common 
in any lowland territory. 

A typical steppe lacks the compact sward of the meadow, unless 
creeping grasses chance to be dominant, as they are in parts of the North 
American Prairie, where Buffalo-grass {Buchloe dactvloides) may exclude 
all other plants over large areas. In place of the rosette-perennials (such 
as daisy, plantain, &c.), which are almost the sole companions of the juicy, 
bright-green grasses in meadows, a varied assortment of geophytes, annuals, 
succulents and undershrubs enrich the steppe flora. Many of these, how- 
ever, come above ground only for a small part of the year, and at other 
times the enormous expanse of bluish stiff-leaved grass, interrupted only 
by bare spots, forms a landscape which is decidedly monotonous, though 
not devoid of special charm. 

Distribution of Woodland and Grassland in Cold-tem- 
TERATE Belt. — In the cold-temperate belt of the northern hemisphere 
the natural formations consist chiefly of forest, which covers most of the 
land surface between the 40th and doth parallels , in America and Western 
Europe, and between the 50th and 60th parallels in Russia and Siberia. 
Steppes occupy the central portions of North America, the Hungarian 
Plain, Southern Russia, and the country between Lake Baikal and the 
Gobi, while in Manchuria and Kamchatka a park-like landscape {i.c. 
rapidly alternating grassland and forest) prevails. Although the Euro- 
pean meadows are regarded as a product of human interference, it is 
quite likely that in its original state Central Europe was a mosaic of 
meadow and forest similar to the Far Eastern parklands. 

Heaths and Peat-Mosses. — Edaphic factors are mainly responsible 
for at least two striking types of temperate vegetation, besides the coast 
formations (salt marsh, dune, &c.), namely heath and peat moss. The heath 
is a good instance of a PLANT ASSOCIATION, a small unit of vegetation 
consisting of one or more dominant plants accompanied by a number of 
subsidiary species. In this case a single plant is unquestionably dominant, 
to wit, Calhma vulgaris, the ling or heather. Extensive heaths are found 
in tracts of the cold-temperate belt which have a maritime climate, but 
only upon soil very poor in mineral salts generally, and in lime in par- 
ticular. Calhma is usually accompanied by .several other members of the 
same family (Ericaceie), such as the Bell Heathers {Erica Tetraliv, E. 
cinerea), Bilberry ( Vaccinium Myrtilhis), Cowberry ( V, Vitis-Idced), and 
Bearberry {Arctostaphylos Uva-ursi). For all these, including heather, it 
has been shown experimentally that their roots will not thrive in a soil 
solution of ordinary strength; the plants are, in fact, strictly adapted to 
a medium poor in mineral salts. Other subsidiary constituents comprise 
small birch trees {Betula alba\ willow bu.shes {Salix aurita, S. repens'), 
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tussocks of Hair Grass {Deschnmp.sin jlcxuosd), and inatiy plants wliich 
STOW also elsewhere in sterile situations. Acid hiunus accumulates in tlic 
heath soil and renders it physi( )I ordeal I3' dr}'. 

The last feature is .still more marked in the [Riat-mosscts or turbaries, 
which are common on damp soil in moist, cool climates, and consist chielly 
of .Sphagnum mo.sses. The .structure of mosses of this yetms enaldes 
them to ab.sorb and retain veiy lartrc quantities of water. Tlu^ .Sphaqnuiu 
is continuall)' dying off below, and growing tm alxur;, so that the sin lace 
of the bog becomes rai.sed, especially in the middle, above the level ol 
the surrounding laud, upon a basis of C(jmpacted vegetable debris inq)reg- 
nated with dark-brown humic compounds and free humic acids, which 
retard the process of decay- (.Sphagnum peat). Among the living .Sphag- 
num a few flowering plants are .scattered, .some of which are ijeculiar to 
the peat-moss {Vacciniuin tXvycoccos, the geuuiiie Granberr}'), 

The peat bog is very i)oor in iniu(u-al salts, especially in nitrates. 
Hence plants which partly .satisfy the need of nitrogen lu' nu'aiis of tlu; 
insectivorous habit are largely inhabitants of such bogs (species of /bvMVVvc, 
Pingniailti, and Utriciilaria in Hiirope; in Aiueric:a, also s[iei;ies of Sar- 
rm'diia and Diomm). Turbaries are excecsliiigly alnmdant in Ireland, 
where they cover about one-seventh of tlu; land surfaa;. 

Economic Plant.S. — Wheat {Triticiim spji.j, as the ])rincii)al food 
plant of the most highly civilized pi!oph;s, ranks above all other eismomic 
plants, taking precedence even of rii;e. liarle\' [llondiiiii sp|i.) l.•.\■teluls 
farther north than any other cereal, and luaicc; is locall\' valuable as a 
bread crop, while in lower latitudes it is o.Ntimsively grown for malt. 
Bread made from rye (.SVvvc/c ccrcalc) is largely consumed in Germany 
and Ru.s.sia, and the u.se of Oats {Avota xitfivii) for iiural and fiuhler 
is well known. Maize {Ziur d/h/.v; over 300 races) iirefers a warm- 
temperate, or even .subtropical climate, and demands summer rains (or 
irrigation); though in common u.se for luuu.au food in tlal}' and Koumania, 
it i.s chiefly valuable as fodder for swine and poultiy. Tlu; cultivation on 
a large scale of Sugar Beet {Reid imri/iiittr) dates back oul\' to about 
1811, but this plant now provides a larger i)ro[iortion of the world’s 
•sugar supply than the .sugar cane. The Mangold is a race of the same 
species. The Potato {Solanin/i tuberosmn) is believed to be a nati\e of 
the dry Andinc highlands, but in cultivation it has a very wide geo- 
graphical range, varieties of this plant being callable of cultivation from 
the Tropics to the farthest limits of agriculture, even bej'ond the polar 
limit of barley. In addition to its familiar use, its vtdue a.s a source 
oi .starch and of alcohol should be noted. Buckwlu;at {lui^i^v/ivntin 
esmlentuin\ though comparatively innulrilious, supplements the cereals 
in Russia and the United .States. The Vine {Vitix vidlfcrd) reejuirtis 
a somewhat special climate if the production of good wine is desired; 
in particular, a long summer e.Ntending into a mild autumn is essential. 
Raisins and currants are further products of this iilant. 'I'he I lop {Ilumu- 
lus Lupulus) 'is exacting, in its soil re(juirements, and is a vesy local 
crop. The principal fruit tree is the Apple {Pyrux Maius). Bare; mention 
must suffice for the following: Deciduous timber trees include Oak 
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{Qmrcus rohir)\ Elm {Ulmus campestris, U. inontand)\ Beech {Fagus 
sylvaticd), Maple {Acer spp.); Walnut {Juglans spp.) ; Box {Buxus sem- 
perviretis)] Jarrah and Karri {Eucalyptus spp.). The most important 
Conifers are; Scots Fir or Yellow Deal {Piniis sylvestris)', Weymouth or 
White Pine {Pinus Strobus); Long-leaf or Pitch Pine {Pintis palustris)] 
Spruce or White Deal {Picea excelsa)'. Larch {Larix europed)\ Doiigla.s 
Fir {Pseudotsuga Douglasii)\ Pencil Cedars {Juniperus spp.); and Kauri 
Pine {Agathis australis). Flax {Limim tisitatissimum) and Hemp are 
the chief fibre plants. Olive oil is obtained from Olea europea, colza oil 
from a species of Brassica — a genus which also includes cabbages, turnips, 


and swedes. Tan is furnished mainly by the barks of various trees, 
especially oak, hemlock-spruce, and wattles {Acacia spp.). Finally, the 
importance of numerous grasses and Leguminosae as pasture and fodder 
plants may be noted. 

Deserts. — In the northern hemisphere there are vast deserts, regions 
with a scanty rainfall (10 in. or less) and a meagre vegetation, situated 
mainly in the sub-tropical belt, but in some cases in higher latitudes. 
They comprise the Sahara, with its Asiatic continuations; a great part 
of Central Asia (Kara Kum, Gobi, &c.); and the country between the 
Rocky Mountains and the Sierra Nevada. Central Australia is the only 
large desert region south of the Equator, but smaller tracts occur in 
South-west Africa and on the west coast of South America. 

In deserts the effects of prevalent drought are accentuated by great 
atmospheric dryness, by a wide annual range of temperature, and by 
violent daily fluctuations; Many desert plants are characterized by their 
dependence upon deep-l'ying subterranean water; accordingly their roots 
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are enormously developed and may penetrate to a deptli ol as much as 
SO ft. 

As a rule the .shoots are .so constructed a.s to retard traii.spiratioii 
(thorny or switch-likc brandies with reduced leaves, \\ii\y or resinous 
coatings, &c.). Some of the nuxst .striking de.sert lonn.s have tlial com- 
bination of xerophiloas adaptation.s which i.s termed “ .suceuleiice", iiolahly 
the ho,st of Cacti (fig. 192) and their “imitatnr.s” in otlier lamilies (A/c/'/’cr- 
l)ta; Stdpdia, Huer)iia and other A.sclepiadace:e) ; further, the diherent 
Aloe-like plants, some squatting on the ground like gigantic greem bullis 
{Agave\ others putting forth a short .stem ( Yuem .S|i|).) or (.atm a ivell- 
developed branching trunk (Aloe, Yucca bmujolul). 



Wckoitschia iniralnlis (fig. 193) is a very remarkable. d(.;.sert plant 
which grows in a few spots in the rocky wastes of Angola and Dainara- 
land. The long main root i.s continued above into a short stout trunk 
which rapidly expands into a disc, depre.ssed in tlie centre (sometimes 
nearly two-lobed) and deeply grooved just within the margin. The 
plant, which is covered by a reddish bark, rises no more than a foot 
above the ground, but an old specimen may be S or d ft. -wide acatiss tlie 
disc. Onl3c two leaves are produced, wliich bust throughout life; tluy are 
huge leathery belt- or ribbon-.shaped structures, which soon become split 
up into a number of folded and twisted strips. The leaf grows con- 
tinually from, the base, which is hidden in the groove of the disc; from 
the groove also sprout short flowering branches bearing cones, which arc 
the only outward marks that reveal the affinities of this iieculiar plant 
with the more normal members of its class (Gymnospennsj, 'The vege- 
tative activity is sluggi.sh but uninterruptefl, and the plant ma\' live for 
more than a centuiy. 
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Since high salinity is a feature of many arid soils, desert plants 
frequently resemble strand plants (Halophytes) in general structure and 
in their power of enduring very concentrated soil solutions. Indeed, 
plants of the coast formations (salt marshes, maritime dunes, &c.) often 
reappear in inland deserts, or are there represented by closely allied 
species or genera, Thus the fainil)'- of Chenopodiacea; is equally charac- 
teristic of strand and of alkali lands. Sand -binding grasses flourish 
alike on maritime and on inland (desert) dunes; while Spinifex squar- 
rosus, for instance, takes the place of our own Marram-Grass {Psamma 
arenarid) on the shores of the Indian Ocean, the very similar tS. hirsutus 
is a familiar element in the Australian desert flora. 

Annuals and perennial geophytes, which generally pla}^ a subordinate 
part in the desert flora, do not as a rule show very marked xerophilous 
adaptations in their short-lived vegetative parts. Their flowers are often 
large, delicate, and beautiful; thus the wilderness of Dzungaria is in its 
season a garden of lovely and fragrant tulips. 

The desert does not support many useful plants. Apnve cochlearis 
yields pulque, the national beverage of Mexico, while other species of 
the genus (and spp. of the allied Ftircrced) supply valuable fibres (sisal 
hemp, henequen). Coloc3mth {Citrnlliis Colocytithis) and Aloe (especially 
Aloe socotrind) fiirnish purgative drugs. But by far the most interesting- 
economic species of the sub-tropical desert is the date palm {Pheenix 
dncfylif’ra), which in North Africa and in parts of Western Asia not 
only provides in its fruits the staple diet of man, horse, and camel, but 
is indispensable to the oasis-dwellers in a hundred other ways. Nowhere 
wild, it demands a considerable supply of water for its proper growth, 
but, on the other hand, does not flourish far from the desert belt. 

Arctic Zone. — Polar land vegetation has been studied chiefly in the 
northern hemisphere. The most important features of the Arctic climate 
are: the cold soil and air; the short summer with very long days; the long 
dark winter with frequent strong and dry winds. 

Verj'- many arctic plants are xerophilous, largely perhaps because the 
combination of cold ground and dry winds has a “desiccating” effect 
(vol. iii, p. 167); a similar cau.se may be responsible for the frequent occur- 
rence, especially among woody species, of a dwarf or stunted habit of 
growth. The exceedingly brief vegetative period explains the sudden 
awakening and equally abrupt cessation of plant activity which so forcibly 
strikes the Arctic traveller. 

Tundra. — The true Arctic formation is the tundra or frigid desert 
which lies beyond the northern tree limit. Here the ground is for ever 
frozen a few inches below the surface. Mosses (spp. of Polytrichiim, 
Bryum, and Hypnuni) or lichens (spp. of Cladonia, Cctraria, Lecanord) 
alone display any approach to luxuriance, and even these fail to occupy 
a portion of the ground, so that many bare patches are left. In moist 
places shallow peat -bogs develop; as Schimper points out, such spots 
physically resemble desert oases, whereas the true oecological repre- 
sentatives of the latter are sunny sheltered slopes, where the soil water 
becomes warm enough to be readilj^ absorbed by roots. 
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In those hciit-o;isos the siirprisiny- vvealtli nt' blomu and hn 
enkau'int;' of man)' Arctic flowers (Poppies, Papavi’r niidic(XHlc\ 1' 
nots, Mvosotis spp.; Jacob's Ladder, Polciuoiiinin k 

.SVM7/>7?i,'fr sijp.j contrast strikiiij^ly with the barren inoiioloi 
tuiuira. Onl)' a single Arctic species deserves to lie inentinii 
score of iisefidness. This is the Reindeer Moss (reall)' a liiTisi 
raTip;ifmnn), upon Avhich the half-tamed reindeer benls of t 
and Samoyedes subsist for a great part of the \'ear. 


Ilf Jako (Simla). Cuniftiniti!; fm’cst < 


Mountains.— T he ruling influence in the climate of hig'li lands i.s 
the diminished atmospheric pressure, which not only reacts directl)' uimn 
plants, but also brings in its train a number of .secondaiy climatic effects, 
such as low temperatures, intense radiation, increase of rainfall ig) to a 
certain elevation after which diminution .sets in again, rapid changes in 
the humidity of tlie air, continual movement of the atmos[ilu;r(', and 
other factors, nearly all tending to produce intense transpiration, at any 
rate at certain times. 

Climate of course changes as the altitude increases; accordingly moun- 
tain vegetation is arranged in a vertical series of n'pions and hrlLw On tlie 
loftiest tropica] and subtropical mountains the following floral lidts are 
distinguishable: (i) the Ba.sal, and (2) the Montane regions of mountain 
woodland (figs. 194 and I9S); (3) the Alpine region, comprising (n) Die 
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Lower Alpine belt of mountain grassland, and (<5) the Upper Alpine belt 
of mountain desert. Outside the Tropics, however, the last-named belt 
IS often absent. 

The basal and montane regions both have a flora of lowland type; 
but, whereas the former resembles the moist lowlands in the same lati- 
tude, the latter usually recalls lowdands of higher latitudes. On the 
Californian Sierra Nevada the scrubby chaparrals of the coast are 
replaced by conifer forest rivalling in 


Fig- 195.— Montane Region 

Southern face of another spttr of Jako. lliin forest of Oak {Qnercus incana) and Rhododendron {Rhodo- 
dendron arhormm). Compare fig. 194. The difference in the vegetation oftlie northern and southern slopes 
depends partly upon the more protracted **8iiow-jacketing'* of the northern face. 

lies to the north of Mount Shasta; here, for instance, the Californian 
“big trees” {Sequoia gigantea), wide.spread in a former geological period, 
find a last refuge. 

ALPINE REGION 

The Alpine region most clearly illustrates the influence of the mountain 
climate. The flora is on the whole xerophilous, as might be inferred from 
the summary of climatic factors given above. It includes a certain number 
of Alpine forms of lowland species distinguished by shorter stems, smaller 
and thicker leaves, a larger root system, larger, bi-ighter, more highly 
scented, and more richly honeyed flowers— characters which have been 
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shown by experiment to be in part due to tlie direct effects of 
climate, — but consists largely of true alpine species, among which some 
well-marked cecological types are conspicuous. 

Cushion plants are common on all monntains in higher latitudes 
(many spp. of Simfmgn, Androsace, See., on the .Swiss Alps), but they 
are especially abundant and diver.se in the Andine punas (alpine deserts) 
of Bolivia and Peru. The huge woolly cushions of the “ Vegetable 
Sheep” {Raoulia spp.) characterize similar mountain deserts in New 
Zealand. Rosette perennials are regular constituents of lowland rnead<.nv’S 
(see p. 3), and this form of growth (many spp. of Gentianct, Cnmpatmla, 


Fnmula, &c.) is in the alpine region also especiall}' common in meadows 
(Alp.s) (fig.s, 196 and 197). Dwarf shrubs {{..g-. the Alpenrosen, R/iodo~ 
dendron fcrrugineHiu and R. nliginimnt) and cushion plants recall .similar 
types in the tundra. Indeed, there is an appreciable resemblance between 
the Arctic and alpine floras in Europe, and even identity of species in 
certain cases; similarly Mediterranean and .South African low'land plants 
reappear on alpine heights in tropical Africa. But the agreement between 
Arctic and alpine vegetation is not nearly .so clo.se as is sometimes allegetl, 
and even individuals of the same species growing in the two places differ 
considerably in structure. 

/I'he meaning of many striking alpine forms is as j'et obscure, A 
case in point is the elfinwood type of tree, found just above the limit of 
normal tree growth, which has a short, gnarled, and bent trunk, bearing 
distorted branches and scanty foliage. In Switzerland this form is repre- 
sented only by the very local Rm?is pnvnlu) (“ Kriimmholz ”), hut similar 







TKMI’HRATE AND POLAR ZONES 


ir oil the majority of mountain ranges. From its mode of 
; on trcjpical moiintain.s at comparatively low levels thi.s curious 
eins to have some connection with the “severance of the moiin- 
into cones” and the comsequent increased movement of the air. 

peculiar are the “ Frailejon ” of the alpine steppes (Paramos) 
lela and Ecuador. These are various species of Espdetia and 
(Compo.sita;;), remarkable for their tufts of .sword-shaped leaves 
dth den.se air-entangling hair-s, and in .some .species for their 


A typical large-flowered alpine perennial; one of the Gcntianaceae, probably the same 
species as appears on the left of fig. 196. 

massive stems thickly coated by withered remain.s of dead foliage. This 
grotesque type reappears, as regards general habit, in the lily-flowered 
Vdlosia of the Brazilian highlands and in the giant ragwort {Senectff 
Johnstoni) of Kilimanjaro. 

Skquknck of Region.s— Upper Limit of Vegetation. — The 
sequence: Deciduous forest — conifers — birches or alders, and elfinwood- — 
alpine herbs and dwarf shrubs — appears to be very cotistant upon tem- 
perate mountains. The plate gives a general view of conifer forest 
{Pici’a orkntalis and Abies Nordmanmana), alp and eternal snows in the 
Cauca.sus, and fig. 198 shows avalanche-swept birches {BetiUa Jacque- 
inoHtii) marking the tree-limit (alt. 13,000 ft.) in a Kashmir pass. A 
certfun number of flowering plants contrive to exist on even the highest 
alpine summits in Europe; species of Saussurea (Composite) flouri.sh 
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Factors. — W ater, in larye massc.s, offer.s an eiivironnieiit far sur- 
pa.s.sin[j the dry land in general uniformity and in local constancy. 'I'he 
very considerable differences which ncverlheles.s exist lielween the Hora.s 
of separate parts of the ocean, or between tlu^se of bodies of fresh water, 
must to a great extent be a.scribed to hi.stnricid cause.s, and ;irc; hence 
largely outside the scope of the piusent discussion. (Keological fulors, 
of which light i.s here the most important, especially influence the vertical. 
distribution of water plants. Thus decrease of light fixes the. lower limit 
of coloured vegetation at a depth which varies u-ithin a consideralde 
range according to other circiimstance.s (turbidity of the \vatei-, &c.). 

A muddy bottom is mo,st favourable to plants rooted in lakes, wliile 
these thrive be.st on a rocky bed in rapid .streams and in the sea, Apart 
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at 19,000 ft in Western Tibet; and lichens 
(19,200 It.}. Low forms of i)lant life are 
the highest peaks of the globe. 


grow on the top of Kilimanjaro 
Ijcrliaps not wanting even on. 
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from the fundamental contrast between fresh water and the sea, chemical 
c iHerences are even more local in their action than they are on laud, 
though over limited areas their influence may be very great. 

The Ocean.— The marine flora is characterized by the absence of 
Mo.sses and herns, the scarcity of Flowering Plants and Fungi, and the 
abundance of Green, .Brown, and Red x^lgav- the typical seaweeds Bac- 
teria, howei'er, must not be 
overlooked, as they per- 
form important function.s, 
notably in connection with 
the circulation of nitrogen, 
here as on land. 'Phe 
fixed vegetation of the 
sea floor is termed the 
(vegetable) benthos, and 
is further subdivided into 
an emerging belt, exposed 
at low ivater, and a sub- 
merged belt. The freely 
floating plants — a very 
characteristic part of 
aquatic vegetation — con- 
stitute the (vegetable) 
plankton. 

Benthos.— The ma- 
rine benthos is more 
luxuriantly developed in 
high latitudes than in the 
Tropics, although the 
great accumulation of 
drifting pieces of Sar- 
gas.sum in the “Sargas.so 
Sea” testifies to the abun- 
dance of these large 
Wracks on the coasts of 
I'lorida and the West 
Indies. The brown sea- 
weeds especially, which 
everjnvhere are most con- 
spicuous in the ocean flora, 
reach enormous dimensions in temperate seas. Macrocystis pvrifera, large 
fronds of which may be over 600 ft. long, grows in rather deep water. But 
except for such giants the large seaweeds are generally found in the lower 
part of the emerging belt. Many of them show distinct adaptations to 
surf-beat, for e.xample Himanthalia lorea (fig. 199), the leathery thongs 
of which swing with the ebb and flow, and undulate in harmony with 
the waves, while the top-shaped base offers little hold to breaker or edd)\ 
In the submerged belt the grading influence of light is most evident. In 



Fig. 

an adult plant (reduced). 



tlie Mediterranean many algrn (especially red forms) are strictly confined 
to shaded spots, even at great depths, while others {Padimi, Plate, fig. 13, 
Acetabulariay Plate, fig. 7), which usually possess light-rellcicting hairs or 
similar protective arrangements, inhabit bright places. 

Plankton. — The vegetable jilankton of the sea consists of micro- 
scopic algm, among which the two Irrown groups of Diatoms and 
Peridineic play the chief part. Like all jjlankton organisms thes(; ijdsscss 
manifold devices for the enlargement of surface and the diiniiiiilion of 
density, whereby they are enabled to float j)ermaiu:iitly near tin; siniace 
(.see below, p. 15). From the practical point of view they are of enor- 
mous importance, .since they form the ultimate source of food for most 
of the abundant animal life of the ocean. The economic \'filue of sea- 
weeds (and of large water plants in general) is but slight. 

L.MvliS 


Thk I.AKH of CoN.STANt:!';.- -The plant life of tlie Lake of Lonstance 
may .serve not only to illustrate one aspect of freslnvater vegeliilion, but 
also to imlicale the problems which have to be attacked when tiu‘ (ecology 
of a limited area is studied in chdail. 

.SoMK PllV.SiLAL h'KATltKK.s OK TIlK 1 ,.VN K. - -Tin; strong .(V//;/' L a 
feature which has a marked iiillueiice upon the flora. ImiKirtant also is 
the .sca.snnal variation in the -Maicr /rrid which amounts (o d or 7 ft,; late 
Slimmer and autumn constitute the period of high water, .At th(‘ surface 
the mean tetitpcratnrc of the water is about 10" with an amuiat range of 
30 ° C.; for the air over the adjacent land the range is much wider, and the 
average is lower, namely 8’ C. Both mean temperature and annual range 
diminish gradually with increasing dei>lh down to 335 ft. Below that 
level there is a constant tciniieralure or4’ L,; the healing effect ol' summer, 
how'ever, i.s hardl}' felt below too ft. The average depth to which visible 
rays of light penetrate (as measured by the visibility of a whip- disc) is 
35 ft.; the maximum, where the w'ater is clearest, 75 ft.; hut action upon 
a scn.sitivc phopjgraphic plate takes place at far greater ile[)ths, 

CL.\S.SUTCA'noN OK TllK P'lora. -'Pile term “lake vegetation’’ is 
here interpreted .so as to include not only the inhahilants of the “lacus- 
trine region”, which extends from low-water mark outwards, but also 
borderland population between high- and low -water levels, The 
lacustrine vegetation comprises four jirincipal types. The floating flora 
(plankton) reigns supreme over the deeper portions of the basin, while 
the floor of the same parts is occupied by the deep-water, fixed or resting 
organism-s (deep -lying benthos). Near the bank the littoral benthos 
(.shallow-Avatcr bottom vegetation) plays the chief part. Upon the .sur- 
face lies the plcuston, which is, however, but poorly reiiresented in the 


as usual, consists largcl}'- of Diatoms, of 
characteri.stic are siiecies of Cvdotdla, 
cells. One species occurs in a remark- 
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of cells are arranged at intervals around the edge of a disc of jelly, 
in such a manner that the colony offers a large surface to the water in 
two planes at right angles to one another. The whole structure may 
be compared — for want of a better simile — to an old-fashioned undershot 
waterwh(;el, the cells occupying the position of the floats. Plentiful also 
is a spec:ies of Ceratium (Peridineae), the cells of which have three long 
spines . Of horns serving to increase the surface (fig. 207, i). 

The curious green alga Botryococms Braunii congregates in vast 
numbers in the uppermost layers of the water. It is made up of a 
number of cells embedded in the surface of a gelatinous hollow sphere, 
and produces great quantities of fat. In the first instance this serves 
as a temporary .store of food within the cells; but the surplus is excreted 
into the ground substance, which becomes literally soaked in oil. The 
high oil-content probably explains the exceptionally great buoy^ancy of 
this alga, although the suggestion has been made that gas bubbles also 
assist in the lightening of the structure, as they certainly do in the case 
of some blue-green plants (Cymnophyceae). The minor constituents of the 
plankton are to a great extent Diatoms, among which Stephanodiscus 
Astmi alone need be named. This species is rarely found so far south, 
and in the Lake of Constance is certainly a relic of glacial days. 

The above constellation of principal species is not exactly reproduced 
in any of the other European lakes hitherto examined. In the “Grosse 
Ploner See”, in Plolstein, for instance, the dominant elements are very 
different, although some of the minor forms are the same. Here the 
fragile ribbon-colonies of Melosira (Diatoms) abound, and the surface 
waters are full of gas-buoyed Cyanojahycem. The contrast in these 
particular respects no doubt depends upon existing (oecological) factors. 
In the Lake of Constance surf would quickly^ demolish the Melosira 
ribbons, while most Cyanophycete are not content with the small amount 
of organic matter contained in its pure waters. But many such peculiari- 
ties of acpiatic (as of terrestrial) floras are due to historical causes ; witness 
the case of Stephanodiscus just quoted. 

It is of some interest to enquire how far down the plankton flora 
extends. For the Swiss lakes the most definite answer that can be given 
is to the effect that Diatoms are still abundant at the greatest depths so far 
e.xamined for plankton (180 ft, Constance; 290 ft, Zurich). So little 
light penetrates to these depth.s that coloured plants cannot be supposed 
to live there permanentlyc On the other hand, if all the Diatoms met 
with below, say, too ft. compose a shower slowly falling to destructioir, 
then a corresponding number of corpses in the form of their resistant 
siliceous walls shoukl be found on the bottom. As this is certainly not 
the case, we must conclude that the Diatoms found at these great depths 
are merely enjoying a temporary dive, possibly in connection with some 
process of rest or reproduction, and that they subsequently return to the 
higher levels. 

Such displacements no doubt largely depend upon the play of cur- 
rents, and are consequently passive and irregular; but there seems to 
be no reason why these plants might not alter their specific gravity in 
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a more “voluntary” manner by means of chemical cliaiiLjes in tlie cell 
contents. In the lake, as in the ocean, the plankton is the ultimate source 
of food for nearly the whole of the animal population. Some of the. small 
crustaceans in particular at times live exclusively U|K)n (Jyclolellas, 

Dkkp-LVING (Auy.ssal) Bicnthoh. — On the ocean lloor liacteria Iiave 
been found in considerable numbers at a de[)tli of 3O00 ft, t-diOOO i)er ccm. 
of mud ii\ the Bay of Naples), and seem to die. out only bidow ft. 

Hence it is probable, although direct proof is wanting; at present, that a 
permanent bacterial flora inhabits the mud in the deepest [)arts of the 
lake (250-800 ft.), whereas the few Diatoms which are known to occur there 
are no doubt casual immig-rants from shallower places. Ifven at 240 ft. 
the only native inhabitants are Sulphur-Ihicteria {Ih’ggiatoa spp.), and an 
almost colourless OsdUaria (Cyanophycete), while the accompan)’ing 
Diatoms and Green Alga; (e.g. Scemdesmus quadricaiuht, fig. 205, y) ha\’e 
almost certainl}' strayed from the higher regions in which lhe\- are at 
home. 

With increasing shallowne.s.s of the w.ater the flora iHicornes i|uite 
gnidually richer in coloured forms (esi)i;cially Diatom.s), and a sharj) 
definition of the littoral benthos is po.ssihle only with referenci: to niega- 
phytes (that is to say, larg<; many-cell(.!d plants). 

Ll'f'J’OKAL Bl';N'i'tl0,s ANl.) Tjasuston.- - -l‘’ri;shwuter mega|ihytic vegetsi- 
tion, in marked contrast to that of the sea, consists chiefly of Higher Plants 
and very largel)'' of Angiospernis. I’lie latter dominate the shallow waters 
— of a depth of 20 ft. or less — in the l.aki,; of Gonstauce, ultiiough niega- 
phytes in the .shape of Stoneworts (Charopliyta) exlend as far down as 
100 ft,, a depth which may he regiirded as roughly fixing tlie lower . 
boundary of the littoral region. 

Prominent among tbe.se i'Anwi'niig I’lants are various Pomlweeds 
(.spp. of Potamageton, fig. 225), all submerged plants with prostrate 
stems rooting in the mud, and long slender ascending brandies bearing 
numerous tbin flat leaves; internally the}’ shnw a general simiilicit}’ of 
structure, and in particular a very feeble development of eondneting and 
strengthening tissues and an abundance of large air spaei's, anatomical 
characters w'hich are common to most snbmergeil flowering plants, and 
evidently connected wdth the nature of their environment (gener.d sim- 
plicity and uniformity of conditions, slight demands u])ou mechanical 
strength, poor ventilation of the lower organs, &c.). 

Canadian Water Weed {lilodca canadensis) accompanies the iiondweeds, 
and has a very similar structure. The Water Milfoils {Alvriaphyllnm spp.) 
differ mainly in their foliage, which is very finely divided. 'I'liis “ gill ’’ type 
of assimilating organ is not uncommon among submei-ged plants; it com- 
bines pliancy with a large exposure of surface. 

The influence of the .strong surf is shown by the scareit}'- of plants 
of the water-lily type; that is to .say, rooted fiirms with Ifirge leaf-blades 
wduch float upon the water surface, h’or the same reason Huckweeds 
{Lenina gibba and L. polyrrhisa) are the only represen tativi;s of the pleuston 
in the strict sen.se; but it i-s convenient to class with them also rootless 
plants which float freely under water, like the Bladtlerworts, fig. 234 
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{Uti-imlaria vulgaris and U. minor), and the abundant Homwort {Cerato- 
phyllum demersuni). 

Two social marsh plants which raise their assimilating organs above 
water are characteristic of the shallowest part of the bank region, namely, 
the Giant Sedge or Bulrush {Scirpus lacustris) and the even taller Reed 
{P/migmites communis). The former is the more pronounced aquatic 
of the two; its rhizomes (rootstocks) creep on the bottom, producing 
leaves under water, and sending into the air only leafless green haulms to 
a height of about 12 ft. The rhizomes of the Reed bore deep down into 
the mud (as much as 5 ft.) and give rise to a dense feltwork of roots 
firmly binding the ooze together, by which means excellent support is 
given to tall aerial shoots (as much as 15 ft. high) with well-developed 
leaves. 

On the other hand, the Reed cannot produce submerged leaves, nor can 
its ordinary leaves survive in the submerged condition; and indeed the 
plant hardly extends beyond a depth of 6 ft. Nevertheless, the Reed belt 
in sheltered spots encroaches appreciably upon the lalce, advancing in 
favourable cases by lO ft. per annum. It is chiefly the mud-collecting 
capacity of Phragmites that enables it to reclaim land in this waj' ; but it 
is also aided by its very peculiar habit of sending forth runners which 
creep tipon the water surface for great distances (40 ft. or more). 

Innumerable Diatoms (especially mucilage-sheathed or -stalked species 
of Encyonenia, fig. 207, 7, Cocconeis, or Goinpkonenia, fig. 207, 6rt), and 
Green Alga; {Spirogyra adnata-, spp. of (Edogmium, Plate, fig. 9, Coleo- 
chcete, fig. 206, 3 and 3, and Aphanockcete, Plate, fig. 8) encru.st the stems 
and leaves of the megaphytes, or adhere in dense masses to stone and 
woodwork. Some species prefer the well -aerated spray -zone — that is, 
the strip of shore which is for the time directly exposed to surf beat; 
for instance, I'olypothrix penicillnta (Cyanophycem), which withstands the 
most violent waves, and, in quieter spots, spp. of Ulothrix and Cladophora 
(Green Algse) and of Rivularia (Cyanophycere). Entangled among these 
masses of fixed algm float numerous unattached species, especially 
Green Algse {Scenedesmus, Pediastrum, Cosmarhm) and Cyanophycem 
{Merismopedia). 

The BordeR-LAND. — The spray-zone, with its flora of algaj, is neces- 
sarily variable in position; but the strip of territory within which it moves, 
the borderland belt, has a permanent and very characteristic flora of Flower- 
ing Plants. The inhabitants of the lower portion of this strip are partly 
land forms of lacustrine species (for instance, Pondweeds) and partly land 
plants adapted to more or less prolonged submersion. Prominent among 
the latter are three species with quill-like aerial organs, which are leafless 
shoots in Spikerush {Eleocharis acicularis), leaves in Shoreweed {Litorella 
lacustris), and bladeless leafstalks in Lake Buttercup {^Ranunculus reptans). 
All three further agree in the possession of long, slender, creeping rhizomes 
or runners. Noteworthy is a beautiful dwarf Forget-me-not {Myosotis 
Rehsteineri), which is absolutely confined to gravelly places within the 
border zone of the Lake of Constance and a few other Swiss lakes. 

The plants mentioned show adaptation to surf beat, especially in their 
voi,. IV. 74 
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squat growth and in the frequent “quill” form, both features being least 
marked in the individuals which grow farthest from the lalce. On the 
land side, in fact, the flora passes over into that of tire adjacent marshes. 


CHAPTER V 

GENERAL AND APPLIED CECOLOGY 
PHYLOGENY 

The preceding chapter is based upon the valuable acc:uunt of the flora 
of the Lake of Constance which we owe to Kirchner ami Sclirdter. 'J'beir 
excellent work deals chiefly with the composition of the flora and witli 
the distribution in space of the principal species. (Ju the oecological 
side little is attempted beyond an indication of some of the proldems 
which await lurthcr investigation. 

'Die earlier re.searches of Count Zeiipeliii and others ])rovide inucli 
information regarding the pliysical and clieinicid f(’alures of the lak(!. Ihit 
untouched as yet in this case are certain other pnfliiuiiiary lines of work, 
notably: (l) The preparation of a statistical record of the flora, prefer.ibly 
by means of maps; for each specie.s, f2) an e.vperiineiital study of its 
physiology under normal conditions, and (;tj a deteruuualion, likmri.si; 
experimental, of modification in its structure tind liehaviour resulting 
from chiinges in environment. 

Thus a problem of limited scope, dealing largely with simirle organisms 
in relation to a comparatively uniform medium, assumes, u[)ou closer 
ih.spection, a formidable comple.xity. ()n dry hind botli jilant anil environ- 
ment are on the average more intrictite tlian is the cusi; in tin,; water, 
while the tecology of cultivated plants is still further complicati;d liy tlie 
di.storting influence of “one-sided" achiptation. 

CORKKLATION Of FUNCTIONS. — .So fiir, argument has centred prin- 
cipally about single factors of the environment or single functions of the 
plant. The physiologist, indeed, for the present confines himself :ilmi.)st 
entirely to analytical work, and rightl}' so, since this is “ fundamental and 
logically prior” to the synthesis of vital activity to which he ultimately 
asi^ires. While this synthesi.s is in itself, as yet, merely iui ideal, the 
existence of actual correlations between functions which are conventionally 
treated as if they were quite distinct is a fact which luis long been recog- 
nised, but which is only now receiving the attention it merits. We are 
just beginning, for example, to attack the inten.sely interesting prolflcm 
of the chemical reactions which accompany the re(:e])tioii of stimuli. 
Czapek has shown that a particular chemical reaction which is alwaj^s 
proceeding in the living root-tip cells of the Bean imdergous a charac- 
teristic change when the roots are di.splaced from their normal position 
(wliich is vertical in the case of the main - root) with reference to the 
“direction” of the force of gravity. 
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of Mother-of-thousands {Unarm Cymbalaria), fig. 200, 
• uggebts even more interesting possibilities. Here the stalk of the iin- 
po Imated flower invariably grows so as to point towards the brightest 
h^ht, whereas after pollination this relation is exactly reversed It is 
^eneia ly admitted that fertilization-to which pollination is a prelude 
-involves the application of a “chemical stimulus’' whereby the egg S 
1 2 that in the case of Lhiaria 

of liX'"" introduced by the pollen grain causes the reversal 

trate one tvn r'' Aowerstalk? The question is raised to illus- 

the n“ ^ "“®"tion in 

Correlation of Factors.-A combined action of different factors 
of the environment has on various occasions already been implied if not 


Fig. 200,—Lmaria CymbalariA (‘‘tMother-of-thousands**J 
On the loft: Flowers. In the middle: Unripe fruits. On the right: Ripe fruits. 

f ^ importance attaches to a particular kind of inter- 

S the nw, • r r Tn under the name 

“wie./ “limiting factors”, and defined by him as follows- 

factoi s dir’rSrr? T ^ >ts rapidity by a number of separate 

wnlTs t1 proposition appears when stated in so many 

words, the relation which it expresses had previously been overlooked 
to a lemaikable extent. One application of this principle may be found 
Ihe f plants which undoubtedly strive for 

the biightest Illumination of their shoots do so for some reason at present 

carbordtoS!t''°^’''Vt^^ assumed, for the sake of inmeased 

caibon-dioxic^e assim, ation, since the maximum rate of the latter process 

ixidrrjT*^^ p~^- 

to^lS-rovfu°f PLANTS.-The oecological “disharmony" 

-to boirow a term from the author of the Nature :i/ which 
Jiaiacteiizes cultivated plants has been referred to above more than once, 
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and the iiiiperfontion of exi.stiiii'' (.ecological knoM'lcdgt; i.'^ plainl)' in evi- 
dence in every account of natural veg'etuti(.)n. N(;v(jrllK;less inuny general 
problems of economic Ijotau)' may even ikjw be |)rolilabl3‘ (li.scu.ss(‘(l Imm 
the staiul[)oint of (.ecology, if only with a view to the (leruiilioii of future 
lines of work. 

A('C’MMATI/.\TI(.)N. — It has been said that vaigelatioii determines the 
maiuK-T of life of human communities. 'I'liis staleinent is most obviousis' 
true in the case of primitiv(.:, unciviliwid communities. The almost entire 
dependence of the Guarani Indians of the ()riuo(.a) delta uinm a single 
palm — the Jbirity {Mauritia Jlcxitosa), mentioned in a. previous chajAer 
(Vol. Ill, p. 176), — is a cla,ssic instance. With increasing civilization man 
shows less passive adaptation to the vegetation around him, but c.xerts a 
corre.spondingly greater modifying influence thereon. Colonizing [leoples 
particularly are interested in the widest iiossilde dispers.d of tin; l.)(;st 
economic speci(.;s. Hence, for our ICmpire at l(.Mist, the acclimatization ol 
[dants is a [iroblem of very great importaiuz;. C(insiden;d in the widest 
Hens(.', acclimatization may Ik; helo to (sunprise all c.ises in which a 
plant is introduced to new surn.inndings and snr\'iv(,:s without, sei'ioiis 
injury. On tiu; other hand, the term is often emiiloyed in a, narrower 
sense, and implies a deliberate attenii)t on the |)art of man to e\'ti;nd 
tlie range of some useful speei(is to a climate .ippret iahl)- dillereiit fioni 
that in uhicli it is known to thrive. It will here be (;onveui(>nt to a( cepl 
the wider interpretation, but to pay special atteiilioii to tbe pradieul side 
of tlie mtitler. 

We maj^ distinguish at least two degrees ol human efiort on heludf 
of the wider dispersal of ii.seful sjxries. In the majority of ( ases m.ui 
merely transftn's a plant to a congenial climate across iiiU'i'veniii;; ohst.ieles, 
Thus, the enthusiastic praise bestowed b}' Gaplain Cook upon the ru'eiul- 
fruit {Artocarpux inrixti) stimulated the Mritish Government to atlemiit the 
introduction of this valuable food plant into tlie We.st Indian colonies. 
After ;i preliminary failure a cargo of j'onng trees was in salel)' 

convoyed from Tahiti to St. Vincent, and there planted. 'I'heiue tlu; 
plant has spread over the wliole of the .‘Vinerican Tropics, 

Hitlierto tlie geographical range of a cnltivaterl plant has usually 
been regulated by commercial rather than l)y liolanical eoiisideratioiis. 
The lii.stoiy of an important industry l)a.sed on the culture of a fon;i;;n 
pl.mt is frecjuently found to start from the time wi)(,;n some nati\-e or 
l)reviou.sly naturalized industry was in the act of perishing. The Gej-lon 
tea-gardens, which now have an otitinit of the annual value of over three 
million sterling, practically owed tlieir origin to the desti'uction of the 
coffee plantations by an incural)le fungus eiddemie. (tuused by ! fri/ii/ritr 
imtatrix) in the latter half of the nineteenth cc'iittuy. 

Sonietime.s the problem to be .solv(.‘d is tliat of tlu; di.seocu'iy of 
which will flourisii under [jcculiarlv iuhos|iital:)le eonditions. 

ir.se culture, praeti.sed on a very largi,; 

or furze 
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noting that the value of furze as a forage crop would be greatly enhar 
if a spineless race could be “fixed”. Isolated specimens bearing this cl 
ACtei have occurred in cultivation from time to time, but so far have 
been found to breed true. It is most probable that the failure of atten 
in this direction is partly due to lack of sufficient!)'- prolonged and car 
bleeding experiments. Moreover, chemical analysis has shown that 
spiny green shoots are the most nourishing parts of the plant, so f 
the aim which has to be kept in view is the “blunting” of the the 
rather than any reduction of their dimensions. 
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1841 by Metzger, in which a high-gnule /\iiierican Maize 
Corn) was “transformed” within three years after tiansport;iti( 
many into the inferior form commonly cultivated in the latt' 
for poultry-feeding purposes. This case was qiuttud I))- ( 'liarl 
as the most remarkable in.stance known to him of the direct ai 
action of climate on a plant. Yet, if the recent criticism of ( 
correct, it appears to have been rather <1 case (jf hyliridizati 
American with the European race, folhnved by a struggle a 




peared dii 
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results might be obtained if, instead of trying to force an organism to 
a direct response in the sense desired, experimenters were content to 
apply all available means of “upsetting the equilibrium” of a race, and 
to select the most promising among the new forms, should such arise in 
consequence of this treatment. 



THE HISTORICAL FACTOR IN PLANT GEOGRAPHY 

The present geographical distribution of a given species of plant is 
determined not only b}^ its existing oecological relations, but also by the 


past history of the species. A couple of examples must suffice to illus- 
trate this well-established fact. 

Nil Nag. — T he Nil Nag is a mountain tarn situated 6800 ft. above 
sea level on the northern slope of the mountain chain which bounds the 
valley of Kashmir on the south and divides it from the plains of the 
Panjab, This southern chain, of which the peaks reach a height of 
17,000-18,000 ft,, has a temperate flora on its northern face from about 
Sooo ft, (that is from the valley, which nowhere lies below this elevation) 
upwards, thereby differing radically from the whole of the Himalaya west 
of the Chenab River, which — except in very circumscribed and scattered 
areas — at the same elevation has a mainly sub-tropical vegetation. The 
margin of the lake supports at the present day an almost European flora. 

The tree (fig. 203) in the foreground is a Cratagus, usually referred to 
C. Oxyacaniha, Linn,, of which the common English Hawthorn is regarded 
as a form. Some of the tall trees on the left are specimens of Pynis 
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lanaia^ Don, a close ally of 1,he Wliile Heani ol (ItaitraJ I'.i 
the sliore is a belt ol Scirpus lacuslris (Jlulrusli) ami llie a 
Mansats ('I'wiff-rnsh), toj^el.her with Raniiiuiiliis IJi/t’iiti ( 
wort), Lvtlir/iiii Sab'curia {Vw[)\c Loosestrife), and olh(‘r 
British species. .Several of these plants recur at various 
Kashmir valley but, outside the latter, are foreign to tla; 
/\u even more remarUable ease of such “sporadic” distriluUi 
by (Yellow Loo.sestrife), which is known 

region solely from a .sin!:>le .spot in the delta of a vnoinitriin s 


-Niwtlittvn Slope of Sakesnr. Vunjali Salt U;i 


into the Wular lake at the western end of the Kaslunir valk'y; In thi.s 
locality, however, it is unquestionably native. 

Sakesar.— Mount Sakesar (%. 204) is the ])nint at which the Patijab 
Salt Range— w'hich has so far run parallel to the course of the jhelum — 
trends sharply to the north-we.st. The ph)^sical c(mditionK on tiie moun- 
tain are of the desert type, compri.sing as th(;y d(t a small and (a-ratic 
rainfall, a very dry atmo.sphere, a wide temperature range, and a very 
pervious soil, locally impregnated with rock salt and other minerals. 
Hence the generally xerophytic character of the vegetation is in accor- 
dance with expectation. CEcological consideralirtns do not, luiwevi'r, 
explain why the flora of the .southern face is that of .sub-lro])ical Western 
India (Jujube, Indigo, Lantann), whereas on the northern slope Westts'u 
Asian {Jirevmrus) and Mediterranean (Box, Olive;) t}-])es jtrevail, mixed 
with Himalayan Oak {Qucrcus imami\ Bliiebt;ll {Caiiipatuila) and 
St. John’s Wort {Hypericum'). 
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PHYLOGENY 

The historical factor in plant geography is of interest chiefly in con- 
nection with the problem of the origin of species through descent, while in 
return the facts of geographical distribution are important to the student 
of phylogeny. 

Perhaps in no other branch of botanical research do the results at 
the present day comprise so little of undisputed fact, and so much of 
individual opinion and interpretation, as is the case in this study of 
ph}dogeny. \^et when the attempt is made to deal, in a very limited 
space, with the enormous variety of structure displayed by the plant 
w’orld, a certain positiveness in the manner of treatment is inevitable. The 
various theories concerning the modes of evolution are considered else- 
where. A word may, however, be devoted to the methods of phylo- 
genetic study. 

The end of phylogeny, namely the full understanding of the natural 
.sy.stem of organisms, is an ideal even less attainable than the aim of 
physiology. In examining the ancestral tree of the living world we gaze 
upon the outside of the dense and variegated canop_v of existing species; 
the graded differences and resemblances among the latter only vaguely 
•suggest how they are really connected with one another, and it is but 
rarely that the observer is granted a glimpse of the actual scheme of 
branching. Moreover, the course of many branches is crooked and erratic, 
so that frequently members which have no close affinity with one another 
stand side by side in a misleading manner. 

Two ways of attempting to gain a deeper insight into this marvellous 
structure suggest themselve.s. We may endeavour to draft in bold outline 
an approximate plan of the main branches which presumably determine 
the great groups (phyla) in which the outer members are evidently 
parcelled out. The basis of this method is that Comparative Morphology 
which tries to fix the true limits of a phylum, to link up the types within 
a group into probable .series, and to indicate all possible connection.s 
between different phyla. 

On the other hand, the enquirer may deliberately confine his attention 
to a very small set of forms which appear to be closely related to one 
another, and deal in the first instance only with the simple.st units. This 
method directly involves the questions of the definition of species and 
of the factors controlling evolution ; it is closely bound up with the study 
of geographical distribution and lends itself to experimental ti'eatment, 
although the possibilities of the last development have hardly yet been 
tested. 

There is no inherent opposition between these two methods, but at 
mo.st a difference of immediate aim or, perhaps, I'ather of mental attitude; 
and sound research cannot afford to ignore either instrument. But for 
the present it is simple comparison on broad lines that must furnish most 
of the facts for the brief survey' and tentative scheme of the principal 
tribes of plants which will mainly' occupy our attention in the .succeeding 
chapters. 


26 


BOTANY 


CHAPTER VI 
ALG/1£ 

Till? Fi.A(.:ei,LATE Ancicstky df A l. (:.•]■;. — The theory of tlie Flagel- 
late ancestry of Alg;e ranks among the most interesting of recent 
|)hyletic advances. Bound up with this theory i.s the view, now widely 
accepted, that for the classification of the Lower Plants (Thallophytes) 
minute (cytological) characters of the individual cells are of prime im- 
portance, even in the case of the bulky many-celled types. Experiment 
has indeed shown that the kind of reproduction and the form of plant 
body, characters upon which at one time reliance was chiefl}^ placed, 
are of very restricted value as tests of affinity. 

Fi.A(:1':i,LAT]?S. — A Flaceixati? is a microscopic creature of simple 
furin and .structure consisting typically of a singk; ceil des’oid of any 
firm containing membrane. All Idagifilata swim about in water or some 
other liquid during the whole of their active, (existence bj’ means of one 
or more delic.ate protoplasmic “lashing-threads" or J/tiiiv/fir. Tlie majority 
are .saprophytes, living upon organic matter dissolved in the iiKalium in 
which they .swim, but many have the power of taking in solid nourish- 
ment in animal fashion, while others work up their (bod siib.stances in the 
cell from .simple componads like carbon dioxidi; after (ho pattern of green 
plants (prototrophic nutrition). The same species may vary its ntethod 
of feeding according to circumstances, 'i'he prototrophic forms further 
agree with green plants in the ]jo.s.session of chroinatophorcs^ the special 
organs for photos5’nthesis, and of starch grains or other obvious reserve 
bodies repiuscnting the surplus of assimilated material. 

I'lagcllutcs multiply by .symmetrical bipartitiun; a(jart from this division 
there i.s no special reproductive process, and tiio organisms are devoid (T 
any mtu'tal body or “.soma” (pliysiological immortality; see General 
Brjloe.y). A traii-sitory resting .stage (cncystment), during which a 
resistant membrane is secreted, may occur under unfavourable conditions. 
In some cases several individuals may combine loosely to form a “colony”, 
but the typical Flagellate leads a roving and single life. 

In Plate, fig. I, and in fig. 205, 1-4/5, the salient features of .several 
Flagellate types arc indicated, especially the variation in number and form 
of the flagella, and the combination of creeping (amteboid) movement with 
active swimming. In Pymmimotias true chlorophyll is the chief chroma- 
tophore pigment, while in Chloramccba^ Chrysanuvba, and RhodovunHis the 
chromatophores are, re.spectively, yellowish green, golden brown, and red, 
on account of the preponderance of other colouring matters. Tlie* figure 
of the colourless Rimorpha illustrate.s the ingestion of solid food. Evi- 
dently many Flagellates display a mixture, in varied proportions, of the 
characters of both animals and plants, We may regard the principal 
series of Algm as so many developments of the vegetable potentiaUtie.s 
of .such Flagellates. 


. Pyramimonas (greatly magnified), 

. Chlamydomonas (greatly magnified). 


Bryopsis. 

Struvea. 

>. Halimeda. 

Acetabulana. 

1. Aphanocha:te. 
I. CEdogoniiim. 

). Botrydium. 

. Micrasterias. 
i. Sphacelaria. 
i- Padina. 

.. Ectocarpus. 

. Polysiphonia. 

<. Delesseria, 

. Leveillea. 


iilLv 
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GRKKN AL(J.'E 

LsokonT/IC. — While the Isokontnii Hecti(Jii of the Grcien Ak;a; is Ijelow 
hardly marked off from the Flagellate alliance, it extends above to a level 
at which some of the characteristic features (^f the Higher I’lants liegin 
to ndee shiipe; it is, however, by no means ;i sini|;)le series of uniform pro- 
gression along a single line of advance. No phylum, in fact, better illus- 
trates the rise of a few definitely progressive groups from the midst of a 
mass of tentative lines of advance what may be figuratively termed 
a process of trial and erroi". 

ksoKONT.'i; ProTOCOCCALICS. — 'I'he Prolococcalcs comin-ise a great 
variety of series, differing from one another chiefl)’ in the methods of 
aggregation of the cells to form colonies, and to a much slighter extcnit in 
the structure of the constituent units. 'I'he most jirimilive genus, L'liluniy- 
ihniioiias, occupies an imiiortaiit position; for it has a lietter claim than 
any other creature to represent the common ancestor of the Isokonta-, 
anti perhaps of green iilants in general. Further, for the score of known 
species, the constancy of cytological characters has betm cltairly ])ro\ed 
by culture under varying conditions. I'diially, within the limits of tins 
single genus can lie observed the beginnings ol all the tendencies which 
become in higher genera the outstanding fetitures of ])lants as opposed 
to h'lagella.tes. 

(llIl-AMYi;)OM0NA.S.— -At first sight a tyiiical (’.hlainydomoiiiis (Plate HI, 
fig. 2) does not differ materially from a h'lagellate except in the presence of 
a permanent cellulose mc.uibraite. Huf a study of the life-histories of the 
various species of Chlarnydoinonas reveals imiiortant advanci's upon the 
Fdagcllate life-history. Twice- or thrice -repeated division of the cel] 
contents, accompanied in each ca.se by mitosis (see Hioni'.kal Hidi.oc.v), 
gives ri.se to four or eight naked daughter individuals or .'..vos/orrs \ the.se 
escape in the naked condition, but by growth and .secretion of a cell wall 
soon become vegetative cells once more. In addition, guu/ctes are i)ro- 
duced, w'hich closely resemble zoospores in appearance and motle of origin; 
instead, however, of reverting to the vegetative conditifm, the)' anuilgamate 
in pairs — nuclear fusion accompanying the union of cA'toplasm — to produce 
a r:yfrote which acquires a stout membrane and beenmes a resting cell, 
destined to undergo a period of inactivity, but in return endowed with 
enhanced powers of resistance to drought and other hostile influences. 
Later, the zygote “germinates”, the contents dividing to form several 
zoospores, which behave like tho.se produced by vegetative cells. \'Vhile 
most species of Chlamydomcmas swim about actively in the vegetative 
stage, coming to rest only during division, a few (for exam[)lc, C. Klrinii) 
lefid an almo.st .se.ssile existence; in this case a number of cells hang 
together loo.sely by their gelatinized cell-walls, either moving al,)out slug- 
gishly in the jell)' or di.spcnsing entirely rvith flagella, ( 'lilamyrlomonas 
thus displays the rudiments <jf three or finir important characters not 
found in P'lagellates, the most .striking of which perhaps is the produc- 
tion of gamete.s. That sexuality is a character of phylctically recent 


FLAGELLATES, GREEN ALGiE AND 
YELLOW GREEN ALGAi 


I, Chloramcfiba heteromorpha. o, oil drops. 

20, Chrysamcsba radians, swimming freely (“ Flagellate con- 
dition ”). 

lb, The same, creeping (“ Amoeboid condition ”)• 

3, Rhodomonas baltica (diagrammatic). 

40, Dimorpha radiata, swimming. 

4^, The same, creeping and taking in solid food. 

50, Pandorina Morum. 

5/4 The same : conjugation of gametes. 

6, Hormospora sp. 

7, Pleurococcus vulgaris. 

8, Richteriella botryoides. 

9, Scenedesmus quadricatida. 

10, Protosiphon botryoides. • 

I I, Caulerpa macrodisca. 

13, Stigeoclonium tenue. ckr., chromatophore ; n, nucleus; 

cv., contractile vacuoles, 

1 1 reduced ; the rest more or less magnified. 

The whole plant is figured, except in 6 and ii. 
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origin in this genus is suggested by the fact that in a number of species 
the gametes are at first encased in a cellulose membrane just lilce vege- 
tative individuals; on the other hand, one species at least (C. Brannii) 
has attained to a distinction of sexual germs into larger female and 
sm.'iller male gametes. 

OtiiI‘;k l’ROTOCOCC.M,liS. — The bulk of the I’rotococcalcs may be 
regarded as higher developments of the Chlamydomoniis type; among 
them the .sessile mode of life is almost universal, while the other tendencies 
started by Cblaniydomonas are followed up to a greater or less extent 
in different series. A considerable number of genera are unicellular, but 
the leaning towards aggregation of cells to form colonies is very marked. 

One series even remains faithful to the primitive free-swimming manner 
of life, although its highest member, Volvox (Plate, fig. 3), is in other 
respects an advanced type. Pkurocoems (fig. 205, 7), on the other hand, 
multiplies only by ordinary division, and so carries the sedentar\" halat 
to excess. In both Scenedesmns (fig. 205,9) and Rkhterii'lla (fig, 205,8) 
the individual cells differ rather markedly in form from the (.'hlamy- 
domonas type; but in either ca.se the difference is eoniu'cti'd with 
adaptation to a floating exi.steiicc; the hrislles of Richteriella serve 
for increu.se of .surface, while the crooked sliapi; (jf .Scenedesnuih jirevesUs 
the plant from tilting into the vertical position. Honnoxpora (fig. 205,6) 
and its allies have a thread-like structure, which marks these forms as 
the forerunners of the great filamentous UJ2)TRU'I1 a1-K.s group. L'/ihnv- 
meutn, outwardly not unlike Pleurococcu.s, differs strikingly in the fact that 
division of tlie entire cell never takes place; in old bulicy cells, liowever, the 
nucleus may divide repeatedly. This “ccenocytic" tendency is elaljoraled 
in the large group of the Sll'IIONAl.K.S, the varied type.s of which all agree 
in the absence or infrequency of transverse walls. The I lY!)R( U)U'/rvAt'l'..n 
(e.g. Pediastmm) form a separate coenocytic series, and j'ct another 
variation of this plan of structure is seen in the ENUOM'll.l'.RArtt.K, which 
live in the interior of higher plants either as “ endophyte.s ” — llial is, 
merely for the sake of shelter — or a.s actual parasites {Kkodoc/ij'iriitni). 

Siphon A incs. — The most typical of the .Sn*llONAi;HH compose tlie 
section Siphonem; in these the plant body is tubular, generally richly 
branched, and quite devoid of complete cross walls. The simplest form, 
Protosiphofi (fig. 205, 10), shows little advance upon Lhlorococcum, but the 
majority of Siphonem have distinct downw'ard- growing “root” (fixing) 
and upright “shoot” (assimilating) regions. The shoot may be further 
differentiated, as in Bryopsis (Plate, fig. 4) and Cmihrpa (fig. 205, ii); 
the numerous species of the latter genus curiouslj? mimic the outward 
forms of various land plants. 

Ilalimeda (Plate, fig. 6) shows how a fairly complicated and bulky 
thalliis may be produced by the interweaving of originally separate 
branches, an arrangement which recurs in several groups oi Algm and 
also among P'ungi. Acctabularia (Plate, fig. 7) has a main stern bearing 
separate “ whorls " of sterile and fertile branches ; all the members of a 
fertile whorl cohere in the form of a hollow di.se. Both Halimeda and 
Acctabularia posse.ss a .surface coating of lime; thi.s “calcification” is not 
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uncommon among Algm, and often serves, as in the present instances, 
to give strength to an otherwise delicate structure. 

In all the Siphonocladeae a certain number of transverse walls occur 
in the vegetative body; indeed, in the filamentous Cladophoracem, of 
which Cladophora is the most familiar, they may be so numerous that 
each segment contains but two energids. The very elegant Struvea 
(1 late, ng. 5) also belongs to this section. 

Ulotrichales and Ulvales. — The thallus of the Ulotrichales is 
geneially filamentous, more or less branched, and composed of segments 
containing single energids. Apart from the primitive Ulothrix—^v\\^c\\ 
is hardly more advanced than Hormospora — and a few aberrant forms 
they possess a horizontal branch system from which arise a number of 
erect shoots (^Stigeocloniimi^ fig. 205, 12). 

Most of these typical forms, again, can be arranged in two parallel 
seiies, in each of which a gradual reduction of the vertical branches takes 
place. This simplifying oi the thallus is connected with the strong 
tendency of these Algc^ to become epiphytes {Acrochmte repens), harm- 
less endophytes {Chcetouema\ or even partial parasites {Acrochcete para- 
sitica; Cephaieui'os, fig. 206, i). In the larger of these two series (Chfeto- 
phoracea;) traces of the erect shoot are often retained in the shape of hairs 
or bri.stles, Aphanochate (Plate, fig. 8) is especially instructive; for here 
the hairs may be artificially induced to grow out into upright branche.s. 

The Ulvales, such as the common Green Laver {Ulva latissiim), 
have a compact membranous body resembling the “ parenchyma ”, which 
is the simplest form of adult tissue in the Higher Plants. But a low posi- 
tion IS assigned to this group on account of its simple type of reproduction. 

REPRODUCTION IN ISOKONTJ2 


Asexual Reproduction.— The ordinary reproductive cells of Iso- 
kontm agree in general structure with the zoospores of Chlamydomonas, 
and like thetn bear two_ equal flagella at the anterior end. The asexual 
prms show little variation. Sometimes spores which have no flagella 
but which othervyise resemble zoospores, are formed, as in Ulothrix’ 
where numerous intermediate forms connect these “ aplanospores " with 
t te zoospores ; or cells may be bodily changed into immovable spores 
(akmetes), an arrangement which recalls the “ encystment ” of Flagellates 
_ Sexual Reproduction.— While the great majority of Isokontm are 
isogamoiis, there are some notable exceptions. 

In Faiidcrim (fig. 205, S«. 5 ^} the size of the sexual germs is very 
variable, and in a given crop of gametes the largest never fuse with one 
anothei, but are sought out by .smaller ones. Distinct male and female 
gametes occur also in Phyllobium (Endosphmracem), in several of the 
Siphonales, and in Aphanochmte. 

Volvox has specialized egg-cells and antherozoids (oogamy), and the 
-ame IS tiue of CoLeochmte (Ulotrichales; fig. 206, 2 and 3), the reproduction 

egg-cell is retained 

iMthin Its mother-cell, the oogonium, and after fertilization the latter 
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IjCComcH t:iic;isc;(l in protecting bninclies. 'I'lie fertilized egg- (oospon;), on 
germinating after a j^eriod of i-est, produces a small but conn)act: mass of 
green cells. ICach of the latter then gives rise to zoospores, wliicli art; 
the starting points of new Coleochado plants. One is temiited l;o com- 
pare this many- celled body derived fri.)m the oospore to the .si)ore 
case; of a Liverwort like Rurm (see below, p. 50). 

.S'l'Kl'ilANOKON'lMv AND AkonT/]':. - Besitles the greaf group of tin; 
Isok-ont:e, two minor divi.sions of Green Alg;u may be rtaaignized. 

Oidogomuin (Llate, fig. 9; fig. 206, 4) is the type of the Stici’IIANO- 
KONlVK; the zoospore.s and male gametes have a wreath of flagella 
around the ai)ex. In the filamentous thallus growth is limited to certain 
cells and is of a very special kind. All the Icnown forms are oogamous. 
The AkonT/K have no motile cells at all. .Sexual union takes place by 
means of a .so-called “fertilization tulie”; this is a short-lived structure 
in the Desinidiales hut persistent in the Zygneinales, and these two sec- 
tions <)f the division differ in other resjiecls. Tin;)- agree in tlieir extra- 
ordinarily .symmetrical structure (.see tlu; Desmid Aficn/xterios, I’late, 
fig. 11; and Zygnema, fig, 206,6). Akonta' are usuall)’ simple in out- 
ward form; but specialized types are not wauling, witness the Desmid 
OocartUum (fig. 206,5), the cells of which live in calcareous tubes some- 
what like coral polyps. 

YEU-OW-GRFdiN ALd.di; (HETIG^DKONTeK) 

A very interesting parallel to the Green Alga: is funiLsluid by the 
Yellow-green Algai, the motile germs of which share the genertd structure 
of the Flagellate Chloranmba (namel)'’, disc-shajred, yellow-green chromato- 
phores; no pyrenoids; oil in place of starch; two flagella, differing in 
length or direction or in both particulars). 

Chlorosaccns CDnsi.st.s of a number of yellow-green individuals em- 
bedded in a jellylike substance. A particular cell-wall is distinguish- 
able around each energid, but this membrane is well developed only on 
the outer fiice of each cell, and is sometimes altogether wanting on the 
inner side. The zoospores arise b}' longitudinal division and have two 
unequal flagella (fig. 206,7). The existence of a form like Chlorosaccus 
suggests that the yellow-green Flagellates inaj'- have given rise to Alg;e 
built upon similar lines; and it is of great interesr to find that many of 
the devel(5pment.s which have been traced among the Green Alga: are 
paralleled by yellow-green plants. Thus Triboneina (fig. 206, 8cr, t) 
roughly corresponds to Ulothrix, and the ccenocytic Rotiydi/nii is super- 
ficially just like Frotosiphon, while the parasitic Phyllosiphon is perhaps 
the counterpart of Phyllobium, 

The genus agrees in many res[)ects with the Yellow-green 

Alga;, although it has generally been placed among Siphonea:, because f)f 
its tubular body devoid of cross walls; its true position, however, is quite 
uncertain. Vaucheria surpas.ses even Ulothrix in the variety of its repro- 
ductive processes. The zoospores are very peculiar (fig. 206, lofz, c), and 
the gamete.s are of the highest type (fig. 206, lozz). 



;REEN ALGiE AND YELLOW GREEN ALG/E 


9<f, Ophiocytium sp. 

9(5, The same : structure of cell membrane (diagram). 

10 (3;, Vaucheria sessilis ; 0, oil drops. 
lO^j V. repens : zoospore escaping. 

IOC, The same; small piece of a zoospore; n, nuclei surrounded 
by special cytoplasm ; chr., chromatophores ; f, pairs of flagella. 
All magnified, i is a transverse section of part of the leaf; 5, part 
of a vertical section of Oocardinm. 

The vvhole plant is figured only in 2, 3, and 90. . 
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a system of richly branched filaments, which are usually interwoven or 
otherwise combined to some extent. 

Rei'KOBUCTION in Red Seaweeds. — Asexual .spores arise in groups 
of four (tetraspores) within special mother-celLs (tetras]X)rangia ; fig. 20H, i). 
There are very distinct male and female gametes, namely, spcrniatia, pro- 
duced in antheridia (fig. 208, 2 and 3^), and egg-cell.s, enclosed in ougonia 
(carpogonia). Each carpogonium terminates a s|)ecial braiu:h, and consists 
of a flask-like base enclosing the egg-cell and a slender neck (trichogync), 
which serves as a trap for spermatia (fig. 208, ^a, 4^, 6a). The most 
striking character of the Red Seaweeds is the behaviour of the fertilized 
egg; this i.s not a re.sting cell but germinates at once, giving rise in the 
simplest ca.se to a number of filaments (short in Nemalion, fig. 208, 3^5; 
long and branched in Dervtonema, fig. 208, 4/^), from each segment of which 
a single spoi'e (carpospore) is liberated. In other cases the tubes pro- 
ceeding from the egg do not them.selve.s directly produce carpo.spoi-es, 
but wander for considerable distance.s through the thallu.s, fusing with 
certain cells marked off by their rich store of food materials ; from these 
"auxiliary cells” the actual spore-producing filaments then arise {Diidtrs- 
naya, fig. 2O8, 6a, b). The spore-masses generally become encased in 
special sterile branches, and often regular " fruits ” (cystocarps) arc formed 
in this way {Galaxaura, fig, 208, 5). 

A full understanding of the reproduction in Rhodophycea; is not yet 
possible, if only because the complete life-history has not been foll<.nvcd up 
in any of the marine species. Quite recently cytolugical cvidenco, based 
upon a study of the nuclear divisions (.see Gknicrad Biologv, cliap. iii), 
has been brought forward from which it appears that in Polysiphoti/a 
violacea the carposporcs on germination give rise to purely asexual (tetra- 
ppore-forming) plants, while the tetraspores produce either male (sper- 
matium-forming) or female (carpogonium-bearingj individuals. Thus the 
asexual phase of the life-history starts with the fertilized egg and compri.ses 
first a stage of dependence upon the female plant, and .secondly a free- 
living stage, the neuter indiviclual, The sexual phase begins with the 
tetraspore and ends with the spennatiiun or egg. The male, female, and 
neuter plants are, however, outwardly all exactly alike. It remains to be 
seen how far this scheme applies to other Floridcm. 

The “ auxiliary cells ” must be regarded a.s centre.s of food .supply for 
the developing carpospores. In certain advanced member.? of the phylum 
large “ nursing ” structures are formed by the fusion of au.xiliary cells with 
one another {Corallim, fig. 208, 7) or with adjacent unspecialized cells 
{Chylocladia, fig. 208,8). 
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CHAPTER VII 

I FUNGI AND OTHER ABERRANT 

? THALLOPHYTES 

1 Although the Yellow-gTeen, Brown, and Red Alga; deviate considerably 

from the central Green Series, all four phyla nevertheless progress in the 
i' same general direction, though not along identical paths. But the Fungi, 

e in their dependent mode of nutrition, follow a bent which is utterly opposed 

p; to the tendency of coloured plants ; on this account they are here regarded 

i as aberrant in comparison with all the phyla previously discussed. At the 

same time it must be clearly understood that the Fungi do not form a 
natural tribe, but that, on the contrary, they are a motley company to 
I:- which the several groups of Alga; have contributed at various levels of 

i evolution and probably under the influence of a variety of factors. In an 

t; ideal arrangement the different families of Fungi would be annexed to the 

( algal series of which they are colourless offshoots ; but in the present state 
of our knowledge it is inadvisable seriously to disturb the conventional 
Iv classification. 

I The Mycelium.— The plant body in the Fungi is almost always a 

MVCPXIUM, that is, a greatly branched system of delicate filaments or 
"■ HYPHX. The prevalence of this kind of thallus is no doubt connected 

with the fact that most Fungi grow in the dead or living substance of other 
plants, that is, in a medium which is solid and on the whole not easily dis^ 
integrated. 

A certain number of Fungi are unicellular or have a very feebly 
developed mycelium; some of these are derived from Protococcales (thus, 
Rhodochytrium ivom Endosphaeracea; ; Prototheca from the Pleurococcus 
.series) or from even lower groups (thus some of the Chytridine®), while 
others are certainly reduced from the mycelium condition owing to their 
return to life in a liquid medium (thus the ‘Yeast-forms’ of many Fungi 
and perhaps also the Genuine Yeasts or Saccharomycetes, fig. 209 bis, %a 
and b). On the other hand. Higher Fungi, by interweaving of hyph® 
often form large and solid structures, sometimes for vegetative purposes, 
but more often in connection with reproduction. 

CLASSIFICATION OF FUNGI 

It is customary to subdivide the Fungi into several great classes (I-V) 
with reference mainly to two characters — to wit, the nature of the principal 
reproductive, process and the presence or absence of cross-walls in the 
mycelium. 

The lower filamentous Fungi or SlPHONOMYCETES (1 1) have a mycelium 
devoid of transverse septa and recalling the thallus of a simple Siphoneous 
Alga or of Vaucheria ; their asexual germs are zoospores or aplanospores, 
formed within sporangia, or less often CONIDIA, that is spores cut off from 
the ends of more or less specialized hyph®. Sexual organs are always 








although tliey maj be fun^tiohless In certain caKcs (sec .Sa])ro- 
ci fig The Siphonbmycetes and the AKcniMVtun'Ks 

' ni.iiuiin of which are unicellular, together make up the class of 
. 1 1 X'j 01 I'h) comycetes. The Higher Fungi, or M)'comycctes 
■jiUni* 'iiycoliii, comprise at feast three jsubsections. The Ascomv- 
ifll; I'lC (Iwuiclerized'by motionless spores produced in sinnll 
rs (usually eight) within ihother cells of special form, the asci 
) 9/4); in certain instances ascus-formation is preceded b}’- a sexual 
t in otlier cases no sexuality can be detected. The principal germs 
fhiSli'iOM’iGim S j(V) are conidiura-like spores (basidiospores) 
J off ustjally in. sets. of four frohi specialized spore-bearers, the 
\ I'-yrc fig ?0C), 9 and lo), The asci— -or the basidia, as the cases 
e-^kfe usually collected into continuous layers (hymenia), which are 
arianjiP'd ’-nhin or upon more or less massive fruit bodies (for 
lo, Platt,, fig. 12, Pezissa\ fig. 3, CoYdyceps\ fig, 6, Hy<imtm\ fig. 7, 
,'mis, 'llic I’KLniNJpjlE (IV), a famiily'bf specialized parasite,s,,show 
ilahces to both the other sections of Higher Fungi Neither 
ciiuccus noi ricdinea; possess a typical sexual process; but recent 
jical work has made it very probable that the latter group i.s derived 
f'xudl f'jims, and certain nuclear fusions in ‘Basidiomycetes suggest 
,ai ciigin toi them. "Accessory”' reproductive structures, which 
akc rht foun of oinidia, occur in wh section of the Mycomycetes. 
JIROPHYtEa,— Falck has gfeen an interesting review, from the ceco- 


ahd die like. The tji'pical 

<11 ennffta Tn i:i,« 
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Peziza or the Morels {Plq^rcfiella, fig. 200,4, ffelvellti), where the layer of 
asci lies freely exposed, the entire contents of ah ascus are thrown out 
together. W.hen the hymenium lines a narrow-mouthed receptacle or 
pcrithecixun ’.-Ipf. Claviceps and Cordyceps among parasitic genera), the 
liberation of the spores, if explosive at all, is intermittent; but ‘often in 
this type the contents of an ascus are squeezed out gently and gradually. 
Ordinarily^cach ascus of a fructification bursts independently, but in the 
bulky forms like Helvella and Peziza a simultaneous discharge of many 
asci takes place in dry air ; this " puffing ’ —which is sometimes so vigorous 
as to cause an audible hissing sound-^is evidently an adaptation to wind 
dispersal, and in those cases in wjiich the action is intensified by shaking, 
perhaps also to transport by animals. 

The Basidiomycetes have a curious method of germ dispersal. The' 
basicUo'spores, which are extraordinarily light, are cut off from the ends 
of slender stalks in such a way that they drop singly from the hymenium . 
into an adjacent space. Plence ' they are carried away by ascending 
air currents of the feeblest kind, from which they are readily deposited 
on the upper surfaces of surrounding objects; what is perhaps most re- 
markable is that the.se currents are set up, in the imgiediate neigh- 
bourhood of the fruit body, by the heating effect of its own very active 
respiration. Here again the type of spore distribution is evidently related 
to the vegetative life of the fungus ; for the Basidiomycetes are the special 
destroyers of woody tissues, the most resistant of vegetable remains. 
The latter decompose on a lai-ge scale only in the forest, and minute 
air currents are the best agents of dispersal in these circumstances, In 
the Gastromycete.s, a group comprising a number of distinct families 
of Basidiomycetes, with complicated fruit bodies which remain closed 
until the spores are ripe, different arrangements are found. Thus several 
genera have fleshy underground fruits (recalling the Truffles, which are, 
how'ever, Ascomycetes), the scent and flavour of which are attractive to 
mammals that aid in dispersing the spores; while the gaudy colouring 
and abominable stench of the Phallace:E and Clathracem (Plate, fig, 8) 
secure dispersal of the spores by carrion-flies. The Puffballs (Lycoper- 
dacese), on the other hand, are adapted for wind di.stribution (Plate, fig. 5); 
the spore-mass of a large fruit, well lightened by a network of hygroscopic 
threads, doles out germs to the winds for months together. Sphwrobohis 
(Plate, fig. 10), finally, which shoots away the whole spore-producing mass 
when ripe, from the rest of the fruit, follows the principle already illustrated 
by Pilobolus and by many Ascomycetes, although in the Gastromycete 
the apparatus is more elaborate. 

PAKASITES, — The descriptions which have .been given above of a few 
prominent spore types among the saprophytic Pungi apply also to many 
parasitic species. But among parasites greater variety in the details of 
the reproductive processes is to be expected. The Ergot of Rye {Claviceps 
purpurea, fig. 3io) produces in the early stages of its life-history conidia 
for rapid dispersal. These are carried 'to' other Rye flowers by insects 
which feed upon the sweet .slimy liquid (honeydew) which form.s in infected 
ears. A di.seased Rye flower ultimately develops into a hard sclerotium. 
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This is the resting-stagc of the fungus, and consists of closely interwoven 
tough and thick-walled hyphse. It takes the place of the proper fruit, 
and is, in fact, a “ mummified ” grain. After a long rusting period ascii.s- 
fruits arise from the sclerotium; the ascus-spore.s arc set free from tliose 
explosively, and some of them reach the flowers of Kye or of other sus- 
ceptible grasses. Similar sclerotia are formed by Cordyceps (Tlatc, fig. 3), 



I, Ear of Kye two sclerotia of the Fungus, a, Conidia arising from the inyceliuiu which develops 

around the ovary. 3^ Stalked fruit*'bodies arising from the .sclerotium. 4, Longitudinal section through the head 
(Jf a fruit-body showing the perithelia at Uw. edge. Sj Vertical section through two perithecia showing the aaci. ; 
6^ Asci 7, Ascus liberating its AKimentous spores 8, Filameiiloufi spores, i, 3, nat. size; a, x aoo; 4, x 40? 

5, X soJ 6 itod 7, X 700; 8. X 7S«>' (Partly after Tulasue.) 

which mummifies the bodies of insects or of their larva;, and by the 
Scleroiinias, which in other respects are not unlike Pezizas. The conidia 
of Sclerotinia Vacduii ' {phgi fungus producing “white” Clowberries) are 
carried to the flowers by pollinating insects, attracted in thi.s ca.se by the 
'plea.sant scent of the spores. Many similar instance.s of special arrange- 
ments could be mentioned; most often, however, the active spreading of 
parasitic fungi is carried on bj' wind-borne spores which are usually conidia. 
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1. Chytridiuni. 

2. Albuf-o. 

3. Cordiceps. 
a. Head. 

Pei itliecia (magnified). 

4. J'ilobolus. 

5. Ueaster. 

6 . Hydnimi. 

7. IVlarasmiiis. 

8. Clathriis. 

9. Ustilago. 

10. Sphmrobolus. 

H. Gyinnosporangiiim. 

12. Peziza. 
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PHYLOGENY OF FUNGI 

It was pointed out above that very little is known about the trut=: 
relationships of the different families of Fungi to one another and to 
'ithd' Algae;'/;' ■ \ 

The Auchimvcetes arc unicellular, or have a slender mycelium, which 
in some cases appears to be a mere appendage of the rounded body. 
They comprise, in the first place, the Chytridincts (in the wide sense), 
tiny Fungi very often parasitic upon freshwater Algre: (Plate, fig. i), but 
in a number of cases upon land-plants. The germs are always motile. 
Several genera of uncertain position (Ascoidea, Dipodasms) may be in- 
cluded here for the time being; they certainly have little in common with 
the Ascomycetes, the group to which they are generally attached. The 
affinities of the Smuts {Ustilaginem, Plate, fig. 9), remarkable for their 
dark -coloured resting-spores (chlamydospores) are likewise doubtful; it is 
very possible that they represent an offshoot of the Chytridine series which 
has succes.sfully practised parasitism upon higher land-plants. Archimy- 
cetes are probably derived from Alga; of the rank of Protococcales, or in 
part direct from the Flagellates. 

The SiPHONOiMYCETES, comprising the two sections of Oomycetes 
(e.g. Albugo, Plate, fig. 2) and Zj'gomycetes (e.g. Pilobolus, Plate, fig, 4); 
have a well-developed mycelium typically quite devoid of septa. It is 
very improbable that all the forms contained in this group are descended 
from Siphoneous Algm. The sexual process of the Zygomycetes recalls, 
conjugation in Zygnemales, and one of the Entomophthorineae, Basidio- 
is indeed actually placed, by Lotsy, in the Akontm. In various 
Oomycetes' (especially Peronosporea;, see fig. 209, i a-l) the gradual re- 
placement of zoospores by aplanospores, and of the latter by conidia, 
is well shown. Motile (male) gametes occur only in Monoblepharis aiad 
MyrioblepJiaris-, in the rest of the Oomycetes, and in Zygomycetes, union 
takes place through a fertilization- or conjugation-tube (fig. 209, 2a, 3). 

The class of AscOMYCETES, even when freed from all alien forms, is .still 
made up of two sets of families which probably have no real affinity with 
one another. Genera like Spluerotlieca or Pyronema, in which entire neigh- 
bouring cells conjugate through a tube, are presumably related to the 
Siphonomycetes. Types like Polystigma and the Laboiilbeniacem (fig. 209, 
S« and S( 5 ), with sperraatia and ‘‘ trichogynes ”, have no evident parallel 
except among the Red Seaweeds. 

Recent work on the cytology of the UrediNE/H has made it very 
probable that this group also formerly possessed the Red Seaweed 
form of reproduction. The j3ASIDlOMVCETE.S have always been, regarded 
as close allies of the Rusts; and while it is unlikely that the existing 
Floridea; are the ancestors of any Ascomycete.s, Rusts, or Basidiomycetes, 
the bulk of the Higher p'ungi and the Red Seaweeds may reasonably be 
held to have had a common origin. When it is remembered that colour- 
less parasitic species occur in very diverse families of Algse (viz. Polytonia 
in the Volvox series, Rhodochytriwu in Endosphaeracea;, Notheia in 
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Pha;ophycca;, Harveyella in Floriclea;), it seems not impossible that the 
ranks of the Fungi (as ordinarily understood) maj- have been recruited 
from all the principal coloured phyla. 

FUNGI IMPERFECT! AN]) IJCIIENS 

A very large number of Fungi with .septate mycelia are provisionally 
classed as “Fungi imperfecti” because asci or basidia belonging to them 
have not been observed. Most of them are probably stages in the life- 
history of Ascomycetes. 

It has already been explained (VoL 111 , p. 1 68) that a Lichen is 
not an independent being, but a co-operative union of a Fungus vdth 
an Alga (or with one of-the Cyanophycem). ’ 

BACTERIA AND BLUK-GRKEN IT.AN'l'S (CVANOPlIVCE.-E) 

The BacTKRIA, like the Fungi, are for the must part colourless sapro- 
phytes or parasites. They differ in important respects from most other 
plants, The BlUE-GREKN PbANT.s (Cyanoirhyce:e) seem to be their nearest 
living relatives. A typical nucleus has not been detected in any member 
of either phylum; gametes are also unknown, and although colouring 
matter for photosynthesis is present in the Blue-green Plants, actual 
chromatophores have not been certainly Identified. Such iicgtitive char- 
acters are of doubtful value for classification; but the pliysiological 
features of Bacteria are perhaps more instructive. Ordinary coloured 
plants all directly or indirectly owe their supjdy of nitrogen to the activity 
of Bacteria, For the ‘'putrefactive” Bacteria break clown the proleids of 
dead organisms; the “nitrogen-fixens” {Clostridiuvi pasteurianum\ Rhiso- 
bium spp.) convert the free nitrogen of the air into organic compounds; 
and the "nitrifiers” oxidi2e ammonia to nitrites or nitritc-s to nitrates. 
By the combined action of these different microbes on land and in the 
sea the supply of nitrate.s required by green plants is continually re- 
plenished, The nitrogen-fixing Bacteria demand a supply of carbon in tlie 
form of grape-sugar (glucose), but the “ nitrifiers ” assimilate carbon dioxide 
with the help of chemical energy derived from the nitrogen oxidation. 

It is significant that a number of Bacteria require a range of tem- 
poiat-U'c niiich Jit the present day occurs naturally only in the hot .springs 
and fumaroles in which they are found; some of the Cyanophycete also 
lu’J a '-1 uii.i. beat-loving life. Certain other Bacteria stand alone among 
piunts in the fact that tliey thrive only in the absence of free oxj’gcn 
^.macrublc life), while others again derive their vital energy from sub- 
stanceSj such as sulphuretted hydrogen, which are very poisonous to 
oiduiary oigiinums. The first inhabitants of the earth evidently must 
lu\(. biLu -=11 ally prototrophic (p, 26). In addition, they were probably 
lalloil upm. to rt'ithstand. poisonous vapours, floods of boiling water, long 
[)"i'ods ot daikness, and many other hostile influences. From what we 
know aboLit lire physiology of the Bacteria it seem.s not unreasonable 
to look aiiicmg them for the most primitive forms of life. Lolsy has 
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recently pointed out that the Sulphur-Bacteria assimilate with a minimum 
expenditure of energy; and he suggests that near submarine solfataras 
(as in the Bay of Naples) the conditions perhaps appi'oximate to those 
under which spontaneous generation of living substance from dead matter 
might be expected to take place. 

Wherever virgin soil is ex|JDsed at the present time by any meanSj 
as on the retreat of glaciers, of after catastrophes like the convulsion 
which destroyed all life on the island of Krakatau in the )-ear 1883, 
the first plants to gain a footing are Cyanophycece and Bacteria. 
Altogether there seems no doubt that, cecologically at any rate, some 
classes of Bacteria possess many of the qualities of primitive beings. 
On the other hand, they approach the Flagellates in several respects. 
Many species have been shown to possess flagella, and assimilation pig- 
ments occur in a few cases; but a great many Bacteria are saprophj-tes 
and parasites, and it is possible that this alliance also is made up of 
several groups of distinct origin. . . 

SLIME-FUNGI 

The My.xomycetes, Mycetozoa, or Slime-Fungi, are really allied 

to the well-known Aniceba. The notion that a relationship exists between 
these organisms and the Fungi is largelj' based upon the superficial resem- 
blance of their spore-masses to ‘‘miniature Puff-balls”. As there is good 
reason for believing that the Amoeba type of animal is derived from 
swimming flagellated ancestors, it is interesting to note that a flagellated 
stage occurs in the life of every Myxomycete. : 

• STONEWORTS OR CH.A.ROPHYTA 

The last of our aberrant groups is that of the Stoneworts or 
Charophj’ta. These curious plants have a green thallus, built on fila- 
mentous lines, which shows extraordinary regularity in its branching and 
in certain other features. Their se.xual organs are more complicated than 
those of any Alga, but at the same time do not resemble the gamete- 
producing structures of the Higher Plants. The antherozoids of the 
Stoneworts, how'ever, are exactly like those of the Bryophyta, a fact whicli 
suggests that the former group is either a separate offshoot from the 
ancestral stock of the Higher Plants or a degraded branch of the Bryo- 
phytes.. V. 

A word must norv be said about fossil Thallofjh3'tes, while it will also 
be convenient at this stage to review the Lower Idants from the point 
ofi view of their usefulness to man. 

FOSSIL THALLOPHYTES 

Most Thallophytes are soft and fragile, and hence ill-adapted for' 
preservation in the fossil state; Lime - encrusted Siphonales, however, 
are well represented in Tertiary and Mesozoic strata, and the Silurian and 
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Devonian Nematophyms were large Algie not unlilce some Laminariacejc. 
Geologically the Florideie are the most interesting of Alga*. Two lime- 
coated genera {LithotJidmumi and LitJiophyUuni\ allied to Coral! ina, at 
the present day far outnumber the animal conils in many reefs (as in 
the Mediterranean, the Red Sea, and at Funafuti in the J’acific); aiul 
similar " Nullipores” were the builders of limestones as far back as the 
Ordovician period. As Diatoms are exceptionally well fitted for petri- 
faction on account of their resistant siliceous walls, it is rather remarkable 
that these plants have not been found below the level of the Trias. The 
beds known as “polishing .slate.s” and “ Kieselgnhr ’’ consist largely of 
fossil Diatoms, and .similar deposits are now being formed over enormous 
areas of the ocean bed (diatom ooze), and on a smaller scale in such 
places as the Yellowstone Park. It has been suggested that the well- 
known “Oolites” owe their origin to the activity of ancient Cyanophycem 
{Girvanellay, this theory is borne out by the fact that at the present 
time small oolitic pebbles are undoubtedly formed by Blue-green Plants 
in the Great Salt Lake, the Red Sea, and elsewhere; Cyanophyeem and 
Bacteria are also concerned in depositing travertine (calcareous .stone) 
and sinter (siliceous deposit) in the Ycllovv.stone Park. 

Most of the specimens which have been described as fossil .F\mgi 
are very problematic, and the same is true of Bacteria. Negative evidence, 
however, while it may carry weight in particular cases, doe.s not .shake 
■our belief in the great antiquity of most of the group of lower plants; 
on the other hancl, the "record of the rocks” has so far thrown little 
or no light on the relation.ships of the.se groupsi, , 

■ liCONOMIC IMPOR'PANCE OF TllALLOPHYTES 

Few of the Algie are directly useful to man. The importance of 
Peridinea: and Diatoms for the life of the waters, and the leading part 
played by Bacteria and Cyauophycem in preparing the land for the growth 
of higher plants, have been explained above. Mention has also been 
made of the scavenging r 61 e of the saprf)phyles among PTingi and Bacteria; 
the very marked " fermenting” power possessed by many of the.se is applied 
in numerous industries (.see also Che.mi.stry and AftRlcuI,TURE). 

The usefulness of Fungi as fermenting agents (Yeasts, Mucor Rouxii) 
or as destroyers of insect pests (Entomophthorinem, Cordyceps), and 
their value as food plants, are more than counterbalanced by the injuries 
inflicted by parasitic species upon cultivated plant-s. It is impracticable to 
mention rnore than a few of the most destructive fungoid disea,seB here, 
since every domesticated plant is liable to be attacked by more than 
one. The Rusts of cereals (Pucchiia spp., fig. 209, 11 a, b, c) cause almo.st 
incredible damage. The loss due to Wheat-rust in Prussia for an 
“ ordinary” year amounts to 1,000,000, but sometimes ri.s-e.s to £20,000,000, 
while the damage for a bad year in the United States ha.s been estimated 
at the appalling figure of ;^62, 000,000. The Smuts (species of Ustilago, 
Tilletia, and Urocystis) are somewhat less destructive than the Rusts, 
mainly because in their case better means of prevention are available. 
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terrible scourge is Phytophthora infestans, the best known and most 
dangerous of the numerous diseases of the potato. 

Eracket-fungi (Polyporacese) are the chief enemies of timber trees; 
the Dry-rot {Menilius lacrymans), which plays havoc with sawn timber, 
is allied to these. Other tree destroyers are Armillaria vtellea (“Halli- 
m'dsch”), Dasyscypha {Pesisa), Willkoimni (Larch canker), and several 
Uredinem {Crona.rtmm, GymnosporanghiniP)^\?>}(&, ^g. \\, 'k.c?). 

The Vine suffers great injuries from the Mildews viticola. 

False Mildew; Uncinula necator \Oidium Tuckeril, True Mildew); the 
fruit-grower is troubled by many special pests (Pocketplums, Taphrina 
spp.; Scabs, Ftf;'^/«r/« spp.; Brown Rot, Monilia fnictigena-. Mildews, spp. 
oi Sphcerotheca 'AXid. other Erysiphacea;) ; while the nurseryman and the 
market gardener have to contend also with omnivorous parasites like 
Phytophthora omnivora or Botrytis cinerca {Sclcrotinia spp.). 


CHAPTER VIII 


HIGHER PLANTS (ARCHEGONIATES) 


Lower Pl.-^NTS and Higher PLANTS.~The phyla which have been 
dealt rvith in the two preceding chapters may be collectively termed the 
Lower Plants in contrast to the remaining groups, namely, the Liver- 
worts and Mosses (Bryophyta), the Ferns and Fern-allies (Pteridophyta), 
and the Seed -plants (Spermatophyta), rvhich together make up the 
Higher Plants. This subdivision of the vegetable kingdom is not 
only convenient, but also corresponds to a serious gap in the line of 
descent of the green plants; for the higher tribes are sharply marked off 
from the Lower Plants in several ways. Thus the plant body in the Higher 
Plants is, with few exceptions, a Leafy Shoot. 

Alternation of Generations. — Another important feature is the 
Alternation of Generations, which is seen in its most typical form 
in the Ferns (see fig. 221). The familiar fern plant is the product of a 
fertilized egg-cell (OOSPORE), but itself produces only asexual germs, the 
SPORES. A spore on germination gives rise, not to a new fern plant, 
but to a small body of very simple structure, the prothallus, which 
bears sexual germs (antherozoids and egg-cells); an egg-cell, upon fer- 
tilization, becomes the starting point of a fresh "plant”. It is only 
among Fteridophytes that this alternation of independent sexual {game- 
tophyte) and asexual (sporophyte) generations occurs. But an es.sentially 
similar rhythm in the life-history is found in the rest of the Higher Plants, 
wherea.s anything of the kind is not the rule among Algse and Fungi, 
where the type of reproduction, as Klebs first proved, often depends 
upon external conditions (.see below, p. 83). How this orderly alterna- 
tion, characteristic of the FUgher Plants, has arisen from the unsettled 
state which i.s found in most Lower Plants is quite an open question. 
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Tlie theory of the "antithetic” origin of alternation is supported i)y a wide 
range of facts; it maintains that the algoid or alga-like ancestors of the 
Mighcr Plants continued to develop the tendency seen in (.loleochmte 
(p, 32), namely, the interposition of vegetative cells and asexual germs 
between a fertilized egg and a fresh gametc-i)roducing plant. 

The Archegonium.-— As regards the c.ssentials of the .sexual proees.s, 
the Higher Plants show no advance over the Green Algie, except in the 
fact that they arc all oogamous. An entirel}'- novel feature, hower-er, is 
the ARCHEGONIUM, the characteri.stic flasldikc receptacle in which the 
egg-cell i.s encased. This structure is best developed in the Bryophytes 
(fig. 213, 10), but is also found in all the Pteridophytes and in almost all 
the Gymnosperms. The Angiospcrnis have a different arrangement, but 
there is every reason for believing that they arc derived from ancestors 
which had archegonia. The phylogeny of the archegonium is quite 
obscure; there is nothing like it among Green Alg;.e, and the oogonium 
of the Stoneworts throws no light upon its origin. 

The principal differences between the Higher and Lower Plants are 
evidently connected with the contrast in the manner of life of the two 
divisions. The Thallophytcs are typic.ally water ])lants, whereas the his- 
tory of the Higher Plants is the record of an invasion of dry land by 
aquatic beings and of the gradual emancipation of the invaders from a 
■state of dependence upon liquid water. The archegonium serves to pro- 
tect the egg-cell and to capture the watcr-lrorne male gametes; and the 
regular alternation of generations may perhaps be regarded as a com- 
promise between the better adaptation to land life of the sporophyte on 
the one hand and the advantages of an occasional act of fertilization on 
■the other. 

Cytology of the Higher Plants.-— In .several points of minute ' 
structure the Higher Plants .show greater uniformity than the Thallo- 
■ phytes. 

The reduction of chromosomes (see GENERAL lilULUGV), which in 
different Lower Plants occurs at very different stages of the life-history, 
from the Bryophytes upwards always takes place in connection w'itli the 
formation of the asexual germs. It is indeed a general custom among 
botanists to define the two generations -in the Higher Plants by means 
of the chromosome number. The latest researches, however, have once 
more made it doubtful whether the alternation of generations is so strictly 
dependent on the condition of the nuclei as this cu.stom would imply. 

In the Algse the chrornatophores displa)' considerable variety of form 
and colour; ccenocytic structure is not uncommon, and may oven be 
the rule within a family; the modo.s in which cells are combined to 
form a colony or massive thallus are very numcroius. In the Higher 
■Plants, the bulky type of plant body in which a relatively small number 
of cells retain tlie power of continued growth and division is the rule. 
The cell typically possesses a single nucIeu.H, although even here emno- 
cytes occasionally perform important duties. With few excejjtions (e.g. 
Selaginclla, in which each green cell has only one or two large chromato- 
. phores) the assimilating cells contain many small green chrornatophores, 
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The Bryophyta comprise two distinct phyla, the Livkrworts (Ilcpa- 
tica;) and the MOSSES (Musci). Wc cannot say which of the two groups 
is the more primitive, especially as no trustwcjrtlry Bryoiihyte fossils have 
so far been discovered. The Liverworts sliow the wider raiit^c of struc- 
ture, while the average level of evolution is perhaps rather higher in the 
Mosses. 

LivERWoirr.s 

In dealing with the Liverworts we may profitably pay attention to the 
following developments, all of which are concerned with adaptation to life 
on land: — 

1. The evolution of a leafy shoot from a thallus. 

2. A gradual elaboration of internal structure. 

3. An increasing complexity and independence of the sporogonium. 
Each of the three families of Hepatics has made special progress in one 
of the directions indicated. 

GAMETf)i>nvTE, — In the MAIiCHANTlALW.S the plant body is always 
a thallus; but even in the lowest genus, Eiccm (fig. 212, i and 2), 
the anatomy is not very .simide, while forms like Afarchantia (fig. 212, 
3rt--6) arc quite complicated. The simplest members of the JUNCUCR- 
MANNIALEs, such as Anmm or PeMa, al.so have a thallus; the usual 
type in this family, however, is a creeping or trailing leafy shoot, with 
two rows of leaves, occupying the flanks of the stem and a third row 
of smaller leaves or scales on the lower face. Such a form as Plasia 
pusilla (fig. 212, 8) suggests one way in which a thallus may have been 
■ changed into a leafy shoot; but there i.s no doubt that leaves have been 
evolved independently in different sections (tf the Jungennannialcs, and 
perhaps in relation to different external influences. Again, in Hymaw- 
phytuni (fig, 212,9) there is a distinction between a lower stemlikc region 
and an upper flat surface, a structure which is not a leafy shoot, and )'et 
serves similar ends. Lcmbidiiim dendroidcum (fig. 212, n) illustrates an 
advanced tyjjc of the Jungcrmannialcs. Besicle.s the assimilating uinaght 
branches there arc stems penetrating the ground, which are devoid of 
leaves but covered with absorbing root-hairs {rid.'zoids), and so play the 
part of roots; here and there the underground branches produce tubers 
for “ hibernation” during drought. Finally, .special branclie.s bearing the 
sexual organs arise from the bases of leafy stems. Many of the special 
adaptations of Jungermanniales are connected with the storing of water 
(see FruUania, fig. 212, 12, and Colura, fig. 312, 13). Very remarkable 
are the hollow underground reproductive branches of Ca/ypojfcza (fig. 
212,14), in which the archegonia are sheltered from drought. The 
anatomy of Jungermanniales is always simple, especially in comparison 
with the Marchantiales. 

Sporohiyte. — The capsule of Riccia (fig. 21 1 , i) i.s the simplest 
sporophyte known, When ripe it is a small round body consisting of 
a solid mass of spores which are set free by decay of the single-layered 
wall — the only “sterile” part of the stnicture. In almost all Marchantiales 
and Jungermanniales complications are introduced by the development of 
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?, Kiccia fluitans; a submerged species; nat. size. 

2, Ricciu natans, growing- on land; size. 

3-7> Marchantia polyrnoi-plia. 

.Vb An aii-cbamber in vertical section; - air-,, ore; magnified. 

.3", Air-,, ore .seen from above, magnified. 

4, Oemma, or brood- body ; an apical cell lies in each denres.si(,,, 

(«); A'. 30. 

5, l-'ortion of thallus with an antheridial branch («), and cups 

containing gemma- (c); K nat. size. 

6, Head of an archegonial branch seen from below ; j/., position 

of a young sporogonium ; x i ;y^. 

?, A burst -sporogonium; mass of spores and elaters; /, leafy 
sheath of the sporogonium; zt,, remains of archegonium-wall ; 

8, Bla.sia pusilla. 

9, Hymenophytum flabcllatuni. 

10, Calobryuin Blumii, the leaves are in three rows as in Mosse.s ; 

11, Lembidium dendroideum; /, tuber;//,., fertile branch ; x 2. 

12, Fndlama Tamarisci, lower face of a bi'anch; water-sacs; 

13, Colura tortifolia; zu, water-sacs; n, antheridial branch; x ^o 

14, Calypogeia encetorum ; /, leaves ; / hollow archegonial branch ; 
ma^nifie? ‘^’'"'''^g’onium, and later of tJ,e sporogonium; 

15, -Anthoceros^ la-vis; /A, thallus, sporogonium; c, columella; 
w, wall ; nat. size. 

16, .Anthoceros punctatus; transverse section through upper part 
of sporogonium; c, columella; .r^, spores; r, feeding cells- 

^ green (a.ssimilating) cells; ^ air-spaces; magnified, 
inizoids ; J-, .s]3orogonium. 
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.some of the central cells as “claters” — hygro.scupic Ihrcacls wiiidi assist 
in dispensing the spore-s— and l>y mocUfit;ati(.>n <jf the v\'aU wills so as to 
enable an active opening of the capsule to take place (fis.;. jii, j and 3; 
^ 1 2, 7-9). It is the small cla.s.s of Anthockuotalks, however, in which 
the plant i.s a simple thallus, that possesses the most advauceil ty|je oi 
sporog-oniuni. In the long-lived pixl-shai)e(l capsule of Anllioccros 
212, 15 and 16) there is a great deal of Yegel;itive tissue comprising an 
absorbing “foot" which sends forth hairlike; outgrowths into the thallus, 
a central core of conducting cells (columella), and an outer shell of 
green ti.s.sue with air -spaces and air-pore.s. Just above the foot lies 
a z<me of dividing cells which continually adds to the various tissues of 
the capsule. If this sporogonium were to come into direct communi- 
cation with the soil instead of being merely embedded in the thallus, an 
entirely independent sporophyte would re.sult. 

MOSSES OR MUSCI 

GAMETOI’HVTK. — The erect leafy .shoot, which is the obvious plant- 
body of a Mo.ss, ari.ses as a side-branch from an alga-like system of 
branching threads, the protoncma. I'hc latter is the iirst product of the 
germinating spore, and persists as an absorbing and fixing portion of 
the adult. A .shortlived pmtonema is not uncommon among Liver- 
worts, but this .soon grows (}Ut apically into the permanent irlant-body. 
Both Bryophyte phyla include forms which are filamentous thrtjugh- 
out life. Such are the tropical ProtocephalorJa cphmmMes (Jungcr- 
manniales); the mos.s Ephmeropms tjibodensis, which gnnvs upon living 
leaves in Java; and the saprophytic Buxbauniicie (Musci). Striking 
adaptations arc [)erhaps less frequent among Mus.ses than in the Liver- 
WQrt.s; as in that group they are often connected with watcr-siqjply. In 
Polytrichum the leaf-margins roll inward.s in drj'ing, and .shelter the delicate 
as.similating ridges which cover the upper face of the leaf. The spongy 
structure of Peat-mosses {Sphagynnm) and the light-condensing protoncma- 
cells of the Cave-moss have already been mentioned. 

SpOROPHYTH. — Many mos.s-cap,sulc.s rc.semble the t3qje of Funaiia 
(fig. 211,5). A large amount of vegetative ti.s.sue is developed, c.spcdally 
ip the region where the stalk passes into the body of the cap.sule. In 
Splachnuvi (fig. 211,6) this portion is expanded into a disc or hood which 
has a very leaflike structure. The typical ino.ss-capsule opens by the 
breaking away of a lid; the pore so produced is fringed by hygroscopic 
teeth (fig. 213,8) which ensure that the .spores are shed gradually and 
only in diy weather. Ungsual arrangements are found in Polytrichum 
(fig, 213,4) and Andrma (fig. 213, 13); the .sporogonium of Sphagnum 
(fig. 211,4), which is built upon a special plan, becomes charged with 
compressed air, and finally bunsts explo.sivel)'. 
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Fig. 213.— Mosses 
tm commum:, the spore-capsule to the left is cos 
same moss in an earlier stage of development. 

■Antlieri'dia.' 

nylocomtum spUndans. xa, Spore-capsule of same i 

<}gnum cymbl/oliitiu ; tlie spore-wpsiilcs arc still intact ii 


ncealod by the eap (calyptra), that to. the rig 
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>OPHYTA OR VASCULAR CRYPTOGAMS 

AR Cryptoga.ms the asexual generation is an inde- 
and IS more highly developed than the gametophyte 
f die sporophyte is no doubt in part connected ivith 
toi the fiist time we meet with true ROOTS (fig. 214) 
the ab.sorbing and fixing structures of lower groups 

V SooT'"’ con- 

-'It the least wood for 
nd bast for the transference of "manufactured” 
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materials, plays an important part also in the; stem, aiul often in the 
leaf as well. In other respects the various s,n-nuj)s of rteridophytes diffei- 
considerably among themselves. They must liave separ.-ilf'd from one 
another in early Falmozoic times, and it is iinproI)abl(‘ tliat I lien; will 
ever be certainty as to their true relations to oik; another; still less can 
we hope for a fos.sil record of the origin of tlte iudeinuident si)orophyte. 

If wo accept the “antithetic" theory of alternating p.eiierations (see 
above, p. 48), the following general .statements arc; .siipjiorted by llie com- 
parative .study of both adult plant and einbrj-o in the various I'teridojdiytc 
families. The “sterilizing” process already .seen in the spor(;-cases of 
Bryophytes (fig. 211), whereby an increasing numl)er of cells, originally 



1 %'. aiij.—Rootofu Vilscular H.iuc 


X, Secdlmg with the long absoiptive cells of its rwt (“ mot-hull's '*} with sand uitsittlRid. vj.'Clu) «amo Reedlingj 
the sand removed by wusluug. Root-tip with ulworptlwi! colls; X xo, .f, Aljsoi'ptivw ciiJln with CKlIiunuit 
pnvtjqles of earth. 5, Section through the rooHnV; X 6cj. root-cup. 

spore-producing, arc devoted to vegetative work (sten-.age, cejnduction, or 
assimilation), is here carried much further, so that the region in which 
spores are produced is no longer compact, but is broken up into .several 
tracks (spouangia) separated by .sterile tissue. The STEM of the Pterido- 
pliyte plant has been directly derived by this stcrilizaticm from a spnro- 
gonium-like structure, and is thus historically the oldest part of the 
sporophyte. The assimilating LEAVE.S, tl\c BRACT.S or protective leaves 
which often accompany the actual spore-bearing organs, and the ROOT 
which completes the independence of the sporophyte, iirc all outgrowths 
of later origin. 

The plant-body is often more or le,ss sharply divide<l into a vegeta- 
tive portion' and a spore-producing region, the .'^TROBILU.S or cone. By 
branching and long-continued growth laoth the feeding capacity and the 
output and chance of survival of spores is increased. Other views as tO' 
the origin of “alternation” lead to interpretations u'hich are totally 
different from tho.se just put forward. Indeed the evidence from all 
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sources does not at present admit of a decision between 
possible theories of the mode of origin of vascular plants; 


number of 


CLUB-MOSSES OR LYCOPODIALES 


Vegetative Organs.— The typical living Lycopodiale.s are the 
Club - mos.ses proper, belonging to the genus Lycopodium. They are 
small evergreen berb.s, with 

of fertile and sterile zone-s, and 

The other type of Club- 
moss is distinguished by the 
possession of the Hgn/e, a 
small appendage attached to 
-the upper .side of the leaf near 
its base. The living genera 
{Selaginellat IsoeU’s) are .small 
herbs, but in Carboniferous 
rocks Lycopods of this type 
are abundantly represented, 
mainly by large trees like 
Lcpidodeiidrofi (J\g. 215) and 

few herbaceous iorms{Mmdcs- ot a L<,pidodc„jro„, „..c of the g«nt cioi,- 

inia, Sdagmelhtes) \\dMQ h&tn Mosses of the Coal-peiiod 

discovered in the same strata. 

Storks and Ga.metophytes. — The spores of Lycopodium and 
PhylloglossLim grow out into prothalli which are the bulkiest and most 
elaborate gametophytes known among Vascular Plants. In Selaginella, 
on the other hand, there is a very far-reaching reduction of the sexual 
generation. This genus is the classic example of Hetero.stOKY, that is 
to sa}', the formation in separate sporangia of distinct small and large 
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spores {microspores and megaspores) giving rise r 
female gametophytes (figs, 216, 217). 

The origin of hetero-spory, which has tipp 
several group.s of Vascular Plants, is possihl)- to 
of nourishment in different parts of the fcrlilc 
perhaps not caused serious niodificatiou of str 


Kig. •j,6,-sei..gii.ciia . prothallus is enabled to v 

1, Vertical section of a cone (soraewliat tIi!iKt.ninm.itlc), /, of tin: fcod parasitically OU the 

taact! w, tnicrosporaiigmiu: tir, MegasporitiigUim, «, Vertical section of a flak' 

Micresporangititn. The nursing-layer (tapetum) of the tv.all. 3, Veitirai Sp<Wt)pliyle , OH tlUS 
section of a incgasporaiigitim. A single spore mother-cell h-as riponeil nnii aCCOUllt, ilHCl ulsO, HO 
prcidnced four rncgasporcs ^Uirec only arc figurcu). -Other spore nuither*f:eni5 , ,- 4 i i- 

sire seen in prow of degeneration, ClOUbt, tlirOllfrh luck Of 

roont the: prothallus: r 

gives up vegetative work and bccorae,s practically a "base” for the archc- 
gonia and a stotehouse of food for the immediate u,se tif the embryo. 

Only one species of Selaginella {S. nipestris) actually retains the 
megaspores upon the parent sporophyte until tlie embryo is ready to 
shift for itself, and the Selaginellas in any ca.se are not to Iki regarded 
as the ancestors of any of the .seed-plants; but the explanation .siiggc.stod 
■in the case of this Lycopod genus probably applies in the main to the 
evolution of all seeds. The male protliallus is more simplified even than 
■the female in Selaginella (and in other hetero,sporous plants). The origin 
■rof the reduction i.s less obvious here; but it is ceilainlj' connected with 
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small spores in such plants are carried bodily to the 
the larp spores, an arrangement whereby the path 
traversed by the antherozoid is greatly shortened. In 


'Slilaginella 


'i’hroe stages in t 
niptured, and the upper part 
fertilized, mul h-as produced 

. embryo down into the uutrit; 

, threvgh th. outer part of 

the Lycopod phylum hetero-spory 
worts (Isoetes), in Selaginellites, ij 
in the last genus, and" in certain 
structures with arrangements for tr 


I'l of the female prothallus exposet 
1 an tmbryo. A', 70, Spore wall. 


4i Germiiiatinjg megaspore. 
rt. Young archttgonia, 5, A 
), Embryo in detail. 7v, Vt 
SUspensor, which by its elt 
S)« : 7i Ripe ai’cheganlinti. 


The spore- w, 
egg-ceil has 


Vertical- 


appears again in the curious Quill- 
I Lepklodendron, and in Miadesmia: 
species of Lepidodendron, seed-like 
ipping the microspores are found. 





IIORSK'rAILS OK K(,)U1S]'';('AL1':S 

rAII-K (Ki)UIKKTALKs) the leav'es are i)i)ijrly <levc;l< 
[i the stem, just as in the (’Uib-inoHS(!S. In the li 
iprised in the sinjfle ^fonus lujuisviuui 


i,Sim«nor shoot aiEgitiseUn, 
loriuigiophatra fifora the same Ei) 
Male iwothallmra of a Hoiselail 


leaves are mere scales, and leaf-work is performed by the stem; bracts 
are also absent from the cones. This gronj), however, is at the present 
day only a remnant of its former .self. In the Carboniferous swamps 
there flourished giant Honsetails, the CaLAM1TE.s {Cnlamariem), with thick, 
woody trunks, often nearly loo ft. in height; their leave.s, though not 
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much better developed than those of the living Equiseta; 
cones (fig\ 2 19) bracts were usually associated with the spore- 
ictures. Some of the Calamites were heterosporous. The 
Horsetails have spores which appear to be all of one kind; 


-Sporangia of Calamits 


tile branch of a Ciila 


, Sporaiigiiim : sporangiiim-boaring organ (spo 

rosporons Calamitc; /«/, iiilcrosporangiiint; ma, ir 


rous’ Calamite. 
• sporangia of a 


Scctiorr 


^\'EDGE-I,EA-\^ED PLANl’S OR SPHENOPHYLLALES 

The phylum of Si'HENOI'Hvllales or WEDfiE-LEAVED PlA] 
sists entirely of Palreozoic species belonging mostly to the genus 





BARE-S'I'^MMED plants or rSILO'l’ALIiS 


The two small tropical and subtropical 
tens comprise the only livinfc i}lants whic 


' Sphenophyllales. They are rootless and half saprophytic, and have small 
(Tmesipteris) or almost abortive (Psilotum) scattered leaves. T'hc .stem 
struqture resemblte that of Sphenophyllum, and the arranttcinent of tlie 
sporangia, .which are not' collected into cones although they occupy fairly 
r|efin,ite fertUe regions on the shoots, recalLs one of the sinipier Spheno- 
^.•phyllumTrnctiljcation^' (S, majus), 
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I'ERXS OR FIIICALES, AND ADDERSTONGUES 01 
, OPHIOGLOSSALES 

various families which are usually classed as Fkrns 
common to all and distinguishing them from the other 


Vascular Cryptogams, 
the stem, and the spc 
over the oi'd inary ]ea^ 
long been the custom 


-.IV. iccivt-s are always large m comparison 
igia are usually scattered in small groups { 
oi over slightly modified fertile leaves. H 
separate two families (Marat tiacere and O' 
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glossacea;), which have bulky sporangia like tiu; niajoril)' of I’tericlo- 
phytes, as Ei/sponni.t^ititc I'cnis, from llio Lt'/^/os/Wd/ri/ir/r sect it ui, com- 
prising the great mass of Jmnis, anrl clisliiiguisln'd h)- tin; (It'licatc supcrfidal 
sporangia. Now the Adderstonguos probably form .i separate, phylum 
(Ol’inOGLO.S.SALKS) riot iunnediattdy relilted to tiie true I'cnis; and the 
different families of horns .show a perfect gradiition in the luilk of the 
sporangium. It seems better to lay stress, its Professor llowe.i' has done, 
upon differences in the order of develo[)inent of the s[ioran;;iii in ;i .soru;;. 
In ceitani i ami lies Butryoptei idt a , Abualtiuta, Osmnnd.Kia, Ma- 
tonincie) all the sporangia of a sorus ripen .at the same time {S/t/i/i/icrs)] 
in another .set Hyraenophyllaccie and Cyatlieiicem) lliert.; is a regular 
succesiiion in space and time, the sporangiii succeeding one iinothcr on a 
somewhat raised “ recept.acle ”, with the youngest next the base {(iradaUe)', 
in a third cla.ss (J/»fod, which includes the gn;at imajority of modern 
Feins (especially Poly pod laccm) the soiiis is flat .uid wide, <ind spoiangia 
of various ages are mingled without regard to any obvious plan. If we 
regard the ‘'simple” arrangement as the most priinilive, tlie “mixed” as the 
mo.st advanced, iind the “graded” as intermediate, we iirrive at ii classifica- 
tion of Ferns which is not only supported by a comparative study of the 
plant-body and of the prothallus, but which also agrees very well witli 
the geological facts. I'or the Pakeozoic b'erns were mostly .Simplices, 
belonging either to Marattiaccm (.such as tiie Tree -lent -like Psm-onius), 
or to the Kotryuptcrideie, an extinct family which had features in coiU" 
moil with .several more recent group.s of i'crns. In the Mesozoic period 
Gradatie, rare in older rocks, become frequent, especially the ( 'yalheaccie, 
to which the existing Tree-ferns belong. 'Phe most important .Simplice.s 
. of that period ivere the Matoiiinea:, now represented only by two species 
of Matonia, which arc confined to a small area in Malaya. 'The “ mixed” 
type is essentially modern, and as alrcaih' slated is in the ascendant 
at the pre.sent time. 

The most important general tendency of the b'enis is towards reduction 
in size of each sporangium, production of more numerous sporangia, and 
, arrangement of the .sorus so a,s to ensure at once jiroper nourishment of 
each .sporangium, and room for the carrying out of slinging im weinents, 
whereby the .spore.s are thrown to a distance. 

INTEUNAI. SrUUCTURE OF Pterido I'll VTA.— -The iiluiit body of the 
Vascular Cryptogams is built up of a considerable variety of ti.ssues, 
though these families are in that respect les.s complicated tlirin lire Seed- 
plants Great importance i.s ii-sually attached in the study of descent 

to the vascular tissues, partly bccau.se they are believed to be less liable 
than other structures to change under the influence of the environment. 
This idea is plausible but. requires confirmation, especiall)’' by experiment. 

' Spbenopbyllales and Psilotales have the simj)lc.st vascular uiTungenicnt, 
a central strand of wood surrounded by a sheath of bast; Lycopodium is 
not very different. This centralized type recalls the conducting core found 
in the Antfioceros capsule, in a Moss capsule and its stalk, or even in the 
stem of many a Moss plant (gametophyte). In the rest of Ptcridophyta 
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there are complications; usually the vascular mass becomes broken up 
in various ways, apparently in order to meet the demands of large leaves 
CFilicales) or of abundant branches (Selaginella). 

(Ecology of Pteridophyta. — The many special adaptations of the 
Pteridophyta need not be discussed in detail. Fig. 223 shows the extra- 
ordinary reproductive arrangements of Asolla, a member of the Salviniace.'u, 
one of the two known families of 

hides is a small floating plant of : 

American origin, but now ..common w'ri v/ ) -'/i® 

in the tropics and in hothouses. The ‘ 

|nicrppores are 

of the most remarkable arrange- ' 

ments that e.xists for overcoming 


SEED-PLANTS OR SPER- 
MATOPHYTA 


GYMNOSPERMS 

As regards the megaspore and the female prothallus, most Gymno- 
SPERMS have not advanced very far beyond the condition of Selaginella. 
But in the manner of fertilization, and in other ways, there are important 
new departures. , 

CONIFERALES. — It is convenient to begin with the Conifers, 
although they are by no means the most primitive Gymnosperms. 
All Conifers are woody plants, and most of them are tall trees after the 


glossaceai), which have bulky sporangia like the majority of Pterido- 
phytesj as Eusporangiate I'&ms, from the Leptosporangiate section, com- 
prising the great mass of Ferns, and distinguished by the delicate superficial 
sporangia. Now the Adder-stongues probably form a separate pltylum 
(Oi'HlOGLOSSALES) not immediately related to the true Ferns ; and the 
different families of Fern.S show a. perfect gradation in the bulk of the 
.sporangium. It seems better to lay .stre.ss, as Profes.sor Bower has done, 
upon differences in the order of development of the sporangia in a sonus. 
In certain families Botryopterideie, Marattiacea;, Osmundaceic, Ma- 
toninete) all the sporangia of a sorus ripen at the same time {Siinpliixa)-, 
in another set {e.g. Hymenophyllacete and Cyatheacere) there is a regular 
Succession in space and time, the sporangia succeeding one another on a 
somewhat rai.sed “ receptacle ”, with the youngest next the base {Gradatm) -, 
in a third da,ss -which includes the great majority of modern 

Ferns (especially Polypodiacea;) the sorus is flat and wide, and sporangia 
of various ages are mingled without regard to any obvious plan. If we 
regard the “simple” arrangement as the most primitive, tlie “mixed” as the 
most advanced, and the "graded” as intermediate, we arrive at a classifica- 
tion of Ferns which is not only supported by a comparative study of the 
plant-body and of the prothallus, but which also agrees very well with 
the geological facts. P'or the Pakeozoic Jmrns were mostly Siinplices. 
belonging either to Marattiacere (such as the Tree- fern -lilce Psiiro/tius), 
or to the Botryopteridese, an extinct family which had features in com- 
mon with several more recent groups of Ferns, In the Mesozoic period 
Gradata;, rare in older rocks, become frequent, especially the ( lyatheaceiu, 
to which the existing Tree-ferns belong. The most important Siinplices 
of that period were the Matoninem, now represented only by two species 
at Matmin, which are confined to a small area in Malaya. The “mixed” 
type is essentially modern, and as already stated is in the ascendant 
at the present time. 

The most importaiit general tendency of the Perns is towards reductitm 
in size of each sporangium, production of more munerous sporangia, and 
arrangement of the sorus so as to ensure at once proper nourishment of 
each sporangium, and room for the carrying out of slinging movements, 
whereby the spores are thrown to a di.stance. 

Internal Structure oe Pteridoi’IIyta.-— The plant body of the 
Vascular Cryptogams is built up of a considerable variety of ti.ssucs, 
though these families are in that respect less complicated than the Seed- 
plants (p.v.). Great importance is usually attached in the study (.if descent 
to the vascular ti.ssues, partly because they are believed to be less liable 
than other structures to change under the influence of the environment. 
This idea is plausible but requires confirmation, especially by experiment. 
Sphenophyllales and Psilotales have the .simplest vascular arrangement, 
a central .strand of wood .surrounded by a sheath of bast; Lycopodium is 
W very different. Thi.s centralized type recalls the conducting core found 
|»!ie Anthoceros cap.snle, in a Moss capsule and its .stalk, or even in tlie 
of many a Moss plant (gametophyte). In the rest of Pteridophyla 
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there are complications; usually the vascular mass becomes broken up 
in various ways, apparently in order to meet the demands of large leaves 
(Filicales) or of abundant branches (Selaginella). 

(Ecolocjv oj<’ PTERlDornvTA. — The mjiny special adaptations of the 
Pteridophyta need not be discussed in detail. Fig- 223 shows the extra- 
ordinary reproductive arrangements of Asol/a, a member of the Salviniacea', 
one of the two known families of 
heterosporous Ferns. Asolla filial- 
hides i?, a small floating plant of 

American origin, but now common ’ 

in the tropics and in h^^ The 

pf the most' remarkable ' arrange- ' 

ments that exists for overcoming H r afelW 

the obstacle put in the way of fer- 


SEED-PLANTS OR SPER- 
MATOPHY'PA 


The formation of a true seed is V 

universal in the two plant alliances 
which are in other respects the 

most advanced, namely, the Gy.m- rig. (.>,ag«ii«d 

NOSEERMS and the ANGIOSPERMS. „eB-,„pc,re hns ...r.m.ntcd a..d given rise I 
In these seed-plants the mega- prmliallus, whidii iir its turn, has produced ai 
sporangium, usually known as the of d'lf 

nucellus, becomes overgrown by one >•»"«>•■■» pus''“<J “ ■'■‘'e 'ly the embryo ; 

, . ” , embryo seen thrniigh the runnel-shaped first lei 

or two coats, the integuments, which packets or mierospores: A', their hooked process* 

do not, however, completely cover 

its apex, but leave open a cleft or cliannel, the micropyle. The 
structure is called an ovule. 


GYMNOSPERxMS 


As regards the megaspore and the female prothallus, most Gym.no- 
SPERMS have not advanced very far beyond the condition of Selaginella. 
But in the manner of fertilization, and in other ways, there are important 
new departiires. >. 

CONIEERALEH. — It is convenient to begin with the CONIFERS, 
although they are by no means the most primitive Gymnosperms. 
All Conifers are woody plants, and most of them are tall trees after the 


pattern of the familiar Pines {Pinus sylvesiris, &c.), f'irs {Abies spp.), 
and Spruces {Picea spp.), with very well-marked tnink.s and refvularly 
arranged branches bearing narrow leathery evergreen leaves (needles). 
In this type of Conifer the ovules arc attached, often in pairs, to special 
scales crowded together in cones; the micro-sporangia or pollen-sacs 
frequently arranged in a similar wa>'. In the niiccllus a single megaspore 
ripens and genninate.s to form a large mass of cells, the female prothallus 
or endosperm^ which nearly fills out the nuceliu.s; in thi.s ina.s.s, at the 
end nearer the inicropyle, i-educcd but still easily recognizable archegnnia 
develop. The young pollen-grain or mierospurc conlaiji.s a singU; nuedeus. 
During ripening.two .small “ vegetative ’* cells are cut off, which soon dis- 
organize; these may be regarded as the vegetative part, now quite useless 
and degenerate, of the male protbalhis, wdiile the remaining large cell is 
comparable to a single antheridium, The ripe pollen-grain contain.s tu’o 
nuclei, a large •‘tube-nucleus", and a smaller “generative nucleus". 
Thanks to the two blaclder-like expansions of the wall, it can lie carried 
a long way by the wind. I'uvthcr development takes place when the 
grain ha,s lodged in the micropyleof an ovule; a I’OLLKN-TUlil', is put forth, 
which bores into the nucellus like a fungus hypha, and .slowly but surely 
makes its way towards an archegoniiim. While the tube-cell controls 
the gro^vth of the pollen-tube, the generative cell cli\'ides, riml one of the 
re.sulting cells in its turn give.s rise to two male gametes. The ciifl of the 
tube now bursts, the contents arc injected into tlie egg-cell, and the latter 
is fertilized by one of the male gametes. There i.s here a very impoi'tunt 
advance upon Selaginella, in the fact that the pollen-tube has made fer- 
tilization independent of the presence of water or other liquid in contact 
with the archegonium. 

The rijjc seed comprises (a) the embryo, consisting of the rudiments 
of stem and root, together with two or more seed-leaves (cotyleilons); 
(i) the endosperm (female prothallus), filled with food - materials, sur- 
rounding the embryo; and (c) the woodjq leathery, or fleshy seed -coat 
derived from the integument. This “telescoping” of three generations 
is characteristic of true scccl.s. The fertilization by moans of a ptrib.m- 
tube separates the Conifers sharply from any Vascular Cryptogam.s, and 
there are also considerable differences in vegetative stmetm-c; but tlie 
large-leaved CvcADAl Es and Cc)Ui)An'AEE.S .stand much nearer to the 
I’teridophyta in both respects, while the tjlNK(.OAI.l S have points in 
common on the one hand with Cycads, and on the other with Conifers. 

GINKGUALHS, CYCADALKS, and CORDAlTALliS.-- The Ginkuualks 
were at one time abundant and widespread; their remain.s are plentiful, for 
example, in the Jurassic rocks of the Yorkshire coast. Only a single species 
ha.s survived to the present day, namely, the Maidenhair Tree 
bUobn\ cultivated from tijnc immemorial in Chine.se and Japanese tempie- 
gardems, but unknown in the wild state. This plant is nut unlike a Conifer 
' in general^ appearance, but the leaves at once recall certain fern.s. Tiie 
■ Cycads (fig. .223) are quite fernlike in appearance, and there are strong 
re.semblance.s to 'Filicales in the anatomy, especially iu that of the leaves.’ 

Ginkgo, and those Cycads of which the reproduction has been studied 
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in detail, form pollen-tubes. The two large male gametes, however, which 
are formed in the pollen-grain, have each a band of motile protoplasmic 
threads (flagella). They do not enter the polIen-tulDe, but drop into a 
trough in the nucellus; the archegonia open on to the floor of this trougli, 
and when they are ripe, it is filled with a liquid through which the male 
gametes swim to the egg- cells. Here the pollen-tube takes no immediate 
part in fertilization, but serves mainly to fi.v the pollen-grains, and to feed 
them at the expense of the nucellus. The transformation of a rhizoid of 
the male prothallus into a gamete-carrier is a very remarkable example 
of the way in which an important special organ may he evolved from a 
structure which itself serves a totally different purpose. 

The Gorbattales were the principal Gymnosperms of the Coal Age, 
but they existed even in Silurian times, They were tall, slender trees, 
with long narrow leaves resembling single leaflets of a Cycad-leaf {Cor- 
daites\ or in some cases like gigantic grass-blades {Poaconhdtes), While 
the ovule's were like those of Cycad's or of Ginkgo, the pollen-grains on 
germination produced quite a large mass of cells. Possibly a large 
number of male gametes were formed. Although a single pair i.s the rule 
among living seed-plants, two interesting exceptions have recently been 
described. The Cycad Microcycas forms sixteen antherozoids from each 
pollen-grain, and from twenty to forty-four nuclei occur in the pollen-tube 
of Araucaria, the type of a group of Conifers (Araucariem) which there 
is good reason to regard as relatively ancient, 

Gnetales. — The affinities of the Gnetales are quite obscure, They 
seem to approach the Angiosperms in certain features; but it is doubtful 
v'hether the resemblance is more than accidental, and this peculiar group 
is mentioned here chiefly because it includes Wehvitschia mirahilis, 
which some account was given above (p. 6) in connection with the 
■tecoiogy of desert-plants. 

SEED-BEARING FERNS OR PTERIDOSPERMEAi 

Fern-like plant remains are exceedingly common in the Palreozoic 
rocks, and until quite recently Ferns were naturally regarded as the 
dominant plants of that period. About the end of the last century it 
was found necessary to set up a new class of Cycadofiuce.s, to include 
plants like the species of Lyginodetidron (CoaI-measure.s) and Heier- 
angiuni (Carboniferous and Permian), which stand anatomically midway 
between Ferns and Cycads. But no one was prepared for the revolution 
of ideas which began in 1903 when Professor Oliver proved that the 
complicated seed known as Lagenostovia Lomaxi belonged to Lygino- 
dendroti Oldhammm (see plate). These seeds were borne on special 
fertile fronds, and each was enclosed, like a hazelnut, in a husk or 
cupule. Two years later Mr. Kidston discovered that the micro- 
sporangia of this species were attached in groups to leaves which also 
produce ordinary leaflets, just like the sporangia of most Ferns; they 
had, in fact, previously been ascribed to the Marattiacea^ under the name 
of Crossotheca. Lyginodmdron Oldharnium thus shows a most unex- 
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pected combination of Gymnosperm and Fern characters. We now also 
know seeds belonging to the Treefern-like MKbULU)SE.-K (Neuropteri- 
de:e) of the Coal-measures, plants with a very peculiar internal structure, 
but probably related to the Lyginodendrea;, and others borne upon less- 
known fernHke leaves {Aneiviiies, Pecopieris, in fact, except for the 

Botryopteridcfu (p. 62) and .some Marattiacea*, few of these ancient 
“ Ferns ’’ at present escape the suspicion of being seed-plants in disguise. 

The recognition of these Pteridospermea; (Seed-bearing Ferns), as the 
Gycadofilices with seeds are now suitably called, strikingly confirms the 
great anticiuity of seed-plants, a fact already establi.shecl by the early 
occurrence of Cordaitales. Carboniferous plants arc known which per- 
haps connect Cordaitales with Lyginodendre®, and others which perhaps 
link up Lyginodendreic with true Ferns. But there is little doubt that 
several great groups of seed -plants were in existence long before the 
Carboniferous Age. 

In the face of this conclusion we can hardly dare to hope that the 
palEcontologist will ever unearth the origins of the more ancient phyla 
of Vascular Plants, however greatly he may continue to perfect our know- 
ledge of each tribe, and to add to the wonderful variety of fresh types 
which he has already discovered. 


CHAPTER IX 


The chief differences between the Angiosperms and the Gymnospermf 
are connected with the reproductive structures. 


MEGASPORANGIUM AND MEGASPORE 


The ovules are here enclosed in a closed chamber, the OVARY ; its wall 
is composed of one or more CARPELS, structures which often, but not 
always, themselves bear the ovules. The pollen cannot come into direct 
contact with the ovules, but i.s received upon a special outgrowth of the 
ovaiy, the STIGMA. In the nucellus a single megaspore ripens in the 
typical case, as in Pinus; its behaviour on germination, however, is 
markedly different from that of any Gymnosperm megaspore. The struc- 
ture of an adult embryosac — as the product of the megaspore is called- 
in one of the Lilies may be seen in fig. 224, i. Three naked energids, the 
egg-cell (oosphere) and the two “helping cells” (synergidre), make up the 
EGG APPARATUS at the end next the micropyle; at the opposite end are 
the three antipodai. CELLS; while two POLAR nuclei lie together in 
the middle of the sac. Clearly a coherent female prothallus is wanting, 
and archegonia are not developed. 
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MICROSPORANGIUM, MICROSPORE, AND MALE PROTIIALLUS 


The pollen sacs do not differ greatly from those of Gjnniio.spcrms ; they 
arc borne, commonly four together, upon .STAWlCNS, u’hich arc usually more 
specialized structures than the microsporangiate scales of (Tymnosperms, 
The ripe pollen grain contains cytoplasm with but two nuclei, rc]:)rcsenting 
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“tube” and "generative” cells (cp. Pinus). At germination the contents 
pass into the pollen tube; while tlie tube cell controls the growth of the 
tube, the generative cell divides to form two male cells. 


FERTILIZATION 


When the pollen tube enters the embryosac erne male gamete fertilizes 
the egg-cell, while the other fuses with the polar nuclei (fig. 22.], 2-u), 
Thp prnrliict of the fertilized egg is the embryo; the other fnsiem gives 
i.so to i!u! feeding tissue called the endospkum, which is de.slincd to 
bf' fl ISO! bed by the embryo either during the ripening of the .seed or 
lU'i diinng its germination. This “double fertilization” or “triple 
fusion”, first described about ten years ago by Nawaschin for the Turk’s 
C..i.p I I’ly (hiliwn Marta^oii)^ is -now known in over sixty .species, repre- 
senting* a score of families, and may be uni\'ersal among .;\ngiosperms. 
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It is a measure of economy, inasmuch as the laying down of a feeding- 
tissue (the endosperm) in the embryosac is made to depend upon the 
formation of an embryo which can make use of the store of food. 

Very often the iJollen tube has to trax-el a long way from stigma to egg- 
cell, especially when a STYI.E' is developed which raises the stigma above 
the ovary; its course is nevertheless usually very direct, mainly owing to 
the presence of a special guiding tissue. It is interesting to note that a 
few cases in which the tube follows a less direct path Elm or Alder), 
or branches considerably (c.g. liirch), occur in families which upon other 
grounds are believed to be primitive. 


POLLINATION—THE FLOWER 


One of the most important features of the Angiosperm is the 
FLOWER. A typical flower comprises the following parts, crowded on to 
a RFXEPTACLE and forming a fertile shoot; in the centre, a number of 
carpels; around these a number of stamens; and outside these again a 
double set of sterile appendages, the perianth-leaves. The inner perianth- 
leaves or PETALS (corolla) are brightly coloured and often also scented, and 
make the flower conspicuous; the outer SEPALS (calyx) are generally green, 
and serve in the first instance to protect the other parts while the flower 
is in bud. In addition, some part of the flower generally acts as a NEC- 
TARY, in which a sweet juice (nectar) is produced. The typical flower is 
an apparatus for the transference of pollen (pollination) by means of flying 
insects from the .stamen of one flower to the stigma of another (cross- 
pollination). 

Primitive flowers have an ii^conspicuous perianth, or none at all, Their 
parts are numerous, arranged spirally upon a relatively long receptacle, 
and “free” from one another — that is, each develops according to its own 
laws of growth with little regard to neighbouring part.s. In the higher 
flou’er-t3'pes the various parts are present in definite and usuall}^ small 
numbers and are condensed into cycles (whorls), and altogether spread 
over a smaller area. Moreover, parts of the .same cycle are often " fused 
that is to say, they grow up jointly in the form of a single structure after 
a certain stage of development; a similar “fusion” may take place 
between members of different cjmles (as, for instance, between stamens 
and corolla), or the whole margin of the receptacle may be raised up into 
a cup-shaped structure, or may form a vault completely roofing over the 
ovary, tllaborate flowers are often divisible into equal halves only in 
a single plane (z^^gomorphic or dorsiventral flowers), wherea.s more simple 
-flowers are generally .symmetrical in many planes (actinomorphic or 
radial flower.s). 

The meaning of these differences between lower and higher flower-tj’pes 
becomes partly clear when we understand that the general trend of floral 
evolution has been towards a more perfect adaptation to particular flying 
insects, and especially to the more powerful, intelligent, or methodical 
tribe.s, such as the bees, humble bees, and wasps (Hymenoptera), and the 
butterflies and moths (Lepldoptera). A delicate mechanism is more readily 
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when a small number of parts arise close tog-ether and develop 
leration with one another from an early stage than u’lien a great 
of elements are spread over a large surface and allowed to grow up 
lently of one another. In cup- or tubc-sha[)cd flowers the nectar, 
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which is the attraction offered to most insects, can be hidden from un- 
suitable visitors, while zygomorphy usually forces the insects tf) enter the 
.flower by a particular “door”. 


EXAMPLES OF FLORAL MECHANISM 

The Plate shows a ver3^ small selection from the large number of 
flowers -whicli have been studied in detail from the point of view of polli- 
nation. One of the Sages {Salvia, sp., Plate, fig. lo) may serve as an 
example of a moderately complicated mechanism. This flower is polli- 
nated by bumble bees. The corolla consists of a gaping two-lipped mouth 
and a nectar-containing tube; the narrow opening of the latter is closed by 
the two stamens, which are attached to the corolla and Iiave a ver)^ unusual 
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form, recalling a lever or hammer. When a humble bee probes the tube 
of a freshly opened flower for nectar, it .sets the lever-s in motion and brings 
the anthers down upon its back (see fig. 226, which demonstrates the 
mechanism in another species). When the flower has been open for some 
time the .st3de bends down and brings the .stigma into such a position that 
it must scrape off the back of a humble bee anj' pollen which maj' have 
been deposited there in other flower-s. . 

The anthers and the .stigma are .so placed in relation to one another in 
Salvia that self-pollination cannot take place, while a change of position 
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is necessarj’ for cross-pollination. The flower ma)'' be said to pass through 
an “ anther stage ” and a “ stigma stage ” ; a similar succession is common 
among flowers, and a difference merely in the time of ripening of anthers 
and stigma (dichogamy) is a still more frequent means of avoiding self- 
pollination. It is found, for example, in the Figwort {Scropkularia), which 
is further of interest as an instance of a wasp- pollinated flower. Bee- 
flowers provide a perch (the lower lip in Salvia) for their heavy and de- 
liberate visitors. Certain flowers, however, are adapted to insects which 
alight only for a moment {Haverflies) ox not at all {e.g. Hawkmoths), Thus 
the Speeclwells ( kTwwftvr spp.) are pollinated solely bj' hoverflies, the Turk’s 
Cap Lily {Liliitm Martagoji) mainly by hawkmoths. 

No family has more remarkable floral arrangements than the Orchids 
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In Corytinthes (Plate, fig. 8} there is a bucket full of liquid into which 
bees push one another in their eager onslaught upon the sweet-tasting 
juicy tissue which forms the roof of the bucket; the drenched in.sect.s 
cannot fly out of the bucket, but have to crawl out through the narrow 
overflow 'spout, and in .so doing brush past the .stigma first and the antlier 
afterwards. This device of admitting the insect by one door and forcing 
it to depart by another is somewhat unu.sual, while the quaint method of 
closing the front entrance is altogether unique. Quite as remarkable in its 
way is the mechanism of the genus Catasetiim. A.s in most Orchids, the 
pollen is glued together into a pair of pollen masses 'pollinia), which here 
arc attached to a common ela.stic stalk bearing a heavj' and very sticky foot 
/)!■ disc at its other end. This “ pollen apparatus ” is arranged like a taut 



and the. front wall of aiv anther out away. 3, Tranevorse section througk the same flower. 4,' COTpusiailiim (llie , 

, clip) with two pollinia. s. Foot of an iresect with. polKnia fastened to it by the clip, t, nat. size: the other figures, . 

Spring, and is “let off” when one of the curious sensitive feelers guarding 
the entrance to the hollow of the lip — which is lined b}' juicy tissue — is 
irritated by a gentle touch or a slight blow. The force of ejection is strong 
enough to throw the pollen-masses several feet, but a suitable insect visitor 
receives the disc at short range on the middle of its head, to which it sticks 
fast. The Catasetum flowers of the type just described and figured in 
the plate have no stigma, and seeds are never set in their ovaries. There 
are, in fact, separate female flowers, devoid of feelers, sticky disc, or elastic 
stalk, and possessing imperfect pollen-mas.scs, which are altogether so 
different in appearance and structure that they were at first placed in ri 
separate genus {Monackavtfms)', in these the stigma i.s so placed that it 
cannot fail to be touched by pollen-masses attached to the head of a 
visiting insect. 

The presence of a prolongation of the receptacle in the middle of the 
flower (the “column”), to which anther and .stigma arc fused, and the 
cohesion of the pollen dnto pollen-masses, are very impculant feature.s of 
the Orchid flower; hdth occut again in the Swallowworts (Asclepiadacem), 
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a family which has no close affinities with the Orchids. The curious 
pinch-t]:ap arrangement for the removal of the pollen-masse-s, characteristic 
of this family, i.s .sufficiently explained by fig. 327. The family is interest- 
ing also becau.se it includes a number of flowers (especially the .species 
of Stapclia, Huernia [Plate, fig. 3], and allied genera) which have the 
appearance and smell of decaying flesh, and are pollinated by carrion- 
loving flie.s. In Stylidium (Plate, fig. 7, fig. 232, b') the anthers and 

stigma are also attached to a column; the latter is slender and flexible and 
acts like a spring, throwing a shower of pollen over the insect that re- 
lea-se-s it (see also below, fig. 232). Gra.ss of Parna.ssus (Plate, fig-. 13) ha,s 
what is known as a deceptive flower; the branched scales alternating with 
the stamens bear at their ends glistening balls which closely resemble 
drops of liquid, and lead flies and other rather stupid insects to ex- 
pect a rich supply of nectar, whereas only a little is actually secreted at 
the base of the scales. In the EucalyptHS shown in the plate the very 
conspicuous stamens entirely take over the share of attraction generally 
performed by the corolla. It is interesting to note that this arrange- 
ment is common only in dry regions; in the flowers of moist climates, 
on the other band, there is generally some provision for the protection 
of pollen against rain and dew. 


IMPORTANCE OF SCENT AND COLOUR 


Both odour and colouring are of importance in attracting pollinating 
insect.s to flowers. Scent can be perceived at great distances, while colour 
guides the visitors when they have come within close range. In addition, 
there are often streaks or dots upon the corolla pointing the way to the 
nectar; such “nectar- guides” are seen, for instance, in the Salvia of the 
plate. The same flower also illustrates the fact that violet and blue tints 
have a strong attraction for bees and humble bees; similarly, dull browns 
(Plate, fig. ii) are particularly agreeable to wasps, lurid tints (Plate, 
figs, 3 and 4) to flies, reds to butterflies, and pure white (Plate, fig. 2) to 
night-flying moths. White or yellow is the usual colour of flowers with 
simple mechanisms and exposed nectar, accessible to a variety of insects 
but usually neglected by the intelligent species which find the “difficult” 
flowers more profitable. 


TPIE EXTRAORDINARY CASE OF YUCCA 


Generally the intercourse between a pollinating insect and a flower is 
very brief; hut in a feAV cases there is a lasting connection between the 
two. The North American species of Yucca (fig. 228) are visited solely 
by the female of the moth Promiba yuccasella. The insect lays its eggs 
in the ovary, and then deliberately places a large ball of pollen, which it 
has collected in another Yucca flower, in the funnel-shaped stigma. The 
grub.s devour a proportion of the young seeds, which form their only food ; 
on the other hand, cross-pollination is performed with absolute certainty 
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by the moth, whereas no seed is .set without its help. .Similar hut more 
complicated relations exist between some of the including- the 

ordinary fig of commerce {Ficus Curica) and certain gall-wa.sp.s (Blersfo- 
phaga spp,). 
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POLLINATING ANIMALS OTHER THAN INSECTS 

Inisects are by far the most important of pollen-carryinj^- animals, but 
flowers adapted to pollination by Birds, Bats, and Snails are also known. 
The Brazilian Feijoa {Pla-te, 1%. i), for e.xample, is pollinated by birds 
which feast upon the juicy sweet -tasting petals. 

THE FRUIT— DISPERSAL OF SEEDS 

I'he arrangements for spreading and sowing seeds rival flower struc- 
tures in variety. The carpel, which is an important organ in the flower, 
is of still greater moment in this connection; for the wall of the carpel or 
ovary (pericarp) usually becomes modified after fertilization heis occurred, 
in the intere.sts of .seed dispersal. The resulting structure, known as the 
FRUIT, is quite as distinctive of Angiosperms as the Flower. 

The commonest agent.s for the dispersal of seeds and fruits are wind 
and animals. Actual distribution by movements of fresh water is rare; 
many freshwater and marsh plants have .seeds or fruits which can float, 
but these are generally carried on the plumage of birds or in the mud 
which sticks to their feet. Ocean currents are the sole means of transport 
for most shore plants. 

DISPERSAL BY WIND 

Wind distribution is commonest among plants of savannas, steppe.s, and 
deserts, but is also found in tall trees and Hanes and in epiphytes. Spinifex' 
sqiinrrosus (see above, p. ^) has a nriincl head of fruits abtjut 6 in, in 
diameter, bristling with long elastic spines, and as light a.s a ball of 
feathers; with a gale of wind behind them these heads leap and bound 
along the shore at a marvellous pace, dropping their grains as tliey go. 
In the case of some steppe - plants the whole fruiting plant becomes up- 
rooted and whirled arvaj' bodily, and a number (jf indi\’iduals may cling 
together and roll along in masses as large a.s a l<jad of hay (the “ Wind- 
witches” formed of Plantago cretiar, &c.). Usually, hcjwever, the single 
fruits or the seeds are built for rapid skimming through the air {eg. die 
winged fruits of Ash and F21m), or enabled to float for a long time b)'- 
mean.s of parachute attachments {e.g. fruits of Dandelion or Thistle and 
seeds of Willow or Cotton). 

DISPER.SAL BY ANIMALS 

About one-tenth of all Angiosperms have hooked or barbed fruits, 
ivhich can cling to the hairy coats of quadrupeds. F'ruits wliich are fleshy 
when ripe are devoured by birds, and the seeds ejected unhurt, usually some 
distance away from their place of origin. Many small seeds, for instance 
those of the Violets or of the Greater Celandine {Chelidonium 7najus), have 
curious fleshy crests. The recent work of Sernander leaves no doubt that 
these outgrowths are attractive to ant. s, and that a very active dispersal of 
such seeds takes place along ant-track.s. 



EXPLOSIVE FRUITS— VARIETY IN THE 
OF FRUITS 


Fig. 229 shows two examples of “explosive” fruits or seeds. In th 
.Squirting CviCmnhex {Ecbalium Elateriuni) wniW of the ripe gour 
is in a state of great tension; at the moment of ripeness the fruit break 
away from its .stalky and thi'ough the hole so produced the contained pul 


and seeds are violently expelled by the sudden contraction of 
Slinging arrangements, depending upon a similar principle, 
in a number of dry fruits and in .some seeds the W 
fig- 329, 3-5). 

In a short space it is impossible to give a true idea of the 
variety in the structure of fruits; the same plant even may have 
one method of spreading its seeds. The various Docks {Rnmex ,sp 
below (fig. 230) show very-well how the fruit arrangements may 
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several agents of distribution, .and how in a set of allied species a 
adual modification of structure takes place in accordance with special 
laptation to one of these agents. 

It is also important to remember that the “ object ” of dispersal is 


not so much removal to a great distance as transport to a suitable spot ; 
at tire right time. Many features of fruits and .seeds are concerned with 
the protection of the unshed seeds from damp, or with the anchoring of 
the -seeds after their Journey. ' . ■ 
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STRUCTURE OF THE PLANT L!01)Y IN ANGIOSPER.MS 


While the adoption of insecLpollination and of precise methods of seed- 
dispersal have 110 doubt been of prime importance in raising Anpiosperms 
to their present commanding position, a number of other factors have also 
contributed to their success. The outward form and arrangement of parts 
in the plant body is extraordinarily varied, in accordance with the fact that 
Angiosperms are the ruling plants practically everywhere on land and in 
fresh water and have gained a slight foothold even in the sea, where all 


Fig. 331.— Portion cut from n Drancli of a Uicutylcdou ; x about aooi JJiai»ramniatic 

t, Superficial caat. (Epidermis). 2, Cork (Periderm). 3* Cortical parenchym.i. 4, Vascular bundle 
Haid bast ^strengthening fibres). 6, Hast parenchyma, 7, Sieve-tubes. 8, Cambium, cj, i^ittccl 
) AVood-parcnchynia. 11, Scalnriform and spiral vessels, la, Medulla or piiln 


other Higher Plants are absent. Nearly all these diverse types of plant 
body are made up of leaf, stem, and root, the three members which arc also 
found in Gymnosperms and Vascular Cryptogams. The internal .structure 
also differs from that of the other Vascular Plants in degree rather than in 
principle. The greatest complexity on the whole is found in the ]eavc.s, 
which arC’ the main laboratories of the plant, p’ig. 231 gives a ver}' 
diagrammatic view of the chief tissues in the young twig of a tree. At 
a later stage of development a more elaborate structure would be found, 
owing to the activity of the dividing layer known as the Cambium, lying 
between wood and bast, which throughout the growing season adds new 
cells on both sides; not only is the bulk of the stem increased in this 
ivay, but the “secondary” ti.ssue.s are even more varied than the 
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“primary”. This “.secondary thickening” is characteristic of stem and 
root in one great section of the Angiosperms (the Dicotyledons') and in 
Gymno.sperms; exceptional in living Pteridophytes, it was quite common 
among the extinct Calamites, Sphenophylls, and Lepidodendron.s. 

SENSE ORGANS 

Special attention may be drawn to the structures which are believed 
to .serve as “.sen.se organs”. The len.s-like organs of leaves, mentioned in 
a previous chapter, are illii-strated below (fig. 232, 1, 2/z and i) Sensitivene.ss 
to TOUCH is familiar in the case of the “.sensitive plant” {Alimosa pucliai)\ 
other instances are the tendrils of the Vegetable Marrow or Bryony, the 
feelers of Catasetum, the stamens of the Barberry or the , Cornflower, and 
the insect -catching leaves of the Venus’ Fly-trap {Diotuca inuscipula). 
Haberlandt finds that all such sensitive parts are provided with hairs, pegs, 
“ pits ”, or .similar arrangements, which lead to a local “ pinching ” of the 
protoplasm when the organ is rubbed or struck (fig. 232, 3-5, 7«, jb, 8). 

Gravitation is a factor which is of little oecological importance, be- 
cause it is no uniform all over the globe, but which, like LIGHT, has a poAver- 
ful influence upon the position in space of most roots, stem.s, and leaves. 
It ha,s been shown by experiment that .sensitivene.ss to gravitation often 
resides in but a small part of an organ, for example in the tip of a root. 
The cells in such a sensitive region contain “ falling ” starch grains, which 
always place themselves on the physically lower face of the cell. It seems 
probable that a change in the position of a root with reference to the earth’s 
centre is “ notified ” to the living substance in the first instance by the 
change in the lie of the falling starch grains. 

While the vieAvs set forth above are not accepted in detail by all 
physiologists, the evidence for the existence of special sense organs in 
the Higher Plants, especially in Angiosperms, is very strong. It is also 
quite certain that the place where a stimulus is perceived is often .separated 
from the region which “re.sponds”, and that the transmission of the 
stimulas, which mu.st take place in such cases, is often quite rapid. 
Nothing, however, corresponding to the nerves of animals is known in 
any plant. 

REVIEW OF PH.YLOGENY 

It has already been made clear that any attempt to trace the succes- 
sion in time of the great groups of plants must be largely speculative. The 
earliest living beings of which we can form any idea may well have been, 
physiologically at least, like the .sulphur- or nitrogen-fixing bacteria, crea- 
ture.s flourishing at high temperatures, indifferent to darkness or to want 
of oxygen, and otherwise able to cope with violent changes in their 
emdronment. Later, some of these primitive beings acquired the habit 
of photosynthesis. The several groups of coloured Flagellates, and the 
phyla of AlgEE derived from them, tried different varieties of chromato- 
phore and reserve -material. The three great series of Alg<x (Green, 
Brown, and Red) all evoh^ed the many-celled plant body, and advanced 
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1, Filtimia X'erschaffeUii ; vertical section through a light-con- 

densing organ of the leaf; x 475. 

2, Ordinary cells of the epidenhis. g, Green cells with their 

chromatophores. 

2«, Anthiuium Warocqueanum ; vertical section through a cell 
of the leaf epidermis; x 210. Here every epidermis cell is 
a “lens”, witli an axis which is slightly oblique, making an 
angle of 80 degrees with the leaf surface. The fact that the 
leaf surface itself maintains — by movements of the leaf-stalk 
—an angle of 80 degrees with the direction of the brightest 
average illumination strongly supports the idea that these 
epidermal cells are built to perceive changes of illumination. 

2i, The same ; microphotograph showing the unequal distribution 
of light upon the inner walls of the epidermal cells. A piece 
of leaf epidermis was mounted upside down on the stage of 
the microscope, as a transparent object, and the camera 
focused upon the inside of the inner cell walls. The theory 
is that the cells are accustomed to a particular unequal distri- 
bution of light (in this case, as in many others, there is a more 
or less central bright field surrounded by an outer shaded 
region), any alteration of which acts as a stimulus to helio- 
tropic movement. In this leaf the focus of the cell lens 
happens to lie exactly on the inner cell wall, so that a sharp 
image of any object within range is produced. None of the 
other leaves examined by Flaberlandt showed this formation 
of a sharp image. 

3, Touch-pits in epidermal cells of Vegetable Marrow (Cucurbita 

Pepo) in vertical section. The calcium oxalate ciystals in- 
crease the “pinching” action. 

4, Touch-hair from the column of Mormodes Buccinator, vertical 

section; x 280. k. Hinge which intensifies the pinch. This 
Orchid-flower has a mechanism very like that of Catasetum 
(see text). 

5, Touch-organ from the sensitive leaf of Biophytum sensitivum. 

When the stout bristle (5 (only the base is figured) is touched, 
the delicate cells of the cushion, f, are squeezed. 

6«, Flower of Stylidium adnatum (somewhat diagrammatic). 
£■, Column; s/., stigma; a, anthers; calyx; ordinary 
corolla-lobes; q-,) fifth corolla-lobe or “lahellum” transformed 
into a sticky pad to which the column adheres. One-sided 
growth in the column tends to drag it away from the lahellum 
and ultimately a sudden separation takes place (6^), either 
spontaneously or by the touch of an insect. In S. adnatum 
there is no actual touch-sensitiveness, but a merely mechanical 
trigger arrangement. 

7a, A few cells from the column of Stylidium graminifolium in 
surface view, showing pits. 

7/j, A pit in vertical section. The presence of such pits suggests 
that in this species there is true sensitiveness to touch. 

S, Touch-hair of an insect (Rhapigaster griseus) for comparison 
with the plant organs, /q Nerve. 

.All figs, magnified. 
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sexual reproduction — into the origin of which we cannot enter here—to 
a high stage of perfection. The Brown and Red lines flourished best in 
the sea; but in fresh water the green type of Alga soon asserted its 
.supremacy, and all the Higher Plants are probably derived from ance.stors 
of thi.s kind. A.s Gymno.spenns are known from Silurian rocks, the great 
invasion of the land which started the evolution of the Higher Plants must 
have taken place very early indeed. 

The Mo.sses and Liverworts are two “blind” side branches, repre-senting 
as it were the efforts of the sexual generation to adapt itself to life on 


land. Only Anthoccros seems to abandon the attempt and to fall into 
line with the Vascular Plant.s, in all of which the asexual generation has 
taken over command. As explained above, some botanists believe that 
the .sporophyte was a new development which arose in the early Arche- 
goniate.s, because it was an advantage to these primitive land plants to 
produce a large number of asexual spores as a set-olf against the increased 
difficulty of sexual union. Others .suppose that the succession of asexual 
and sexual phases, which has been shown in some Green Algm {also in 
certain Fungi) to depend entirely upon variations in external conditions, 
became moulded into a regular alternation of generations under the influ- 
ence of regular changes in the environment, such as might be experienced 
by amphibious plants. It is quite clear that the sporophyte, when once 
evolved, was far more at home on dry land than the sexual plant; it 
soon developed bulky .stems and roots (Sphenophyllum, Calamites, Lepido- 
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iiot only ovules, but also numbers of microsporangia borne upon branched 
structures suggesting modified leaves. It i.s improbable that Bennettitales 
were the actual ancestors of Angiospenns, but the two groups probably' 
arose from a common stock. 

The stress laid above upon the importance of insect pollination among 
Angiosperm.s is further justified by' the fact that nectar-sucking insect.s 
are almost unknown below the Cretaceous level, 

We know that .some plants have turned back from the road followed 
by tire majority'. The mo.st important among the.se, of course, are the 
I'ungi, which in the first in.stance compri.sed various Algre that had 
given up photosymthesi.s. These original Fungi then developed further 
<rn their o'.vn lines. Such parasites and saprophytes as occur among 
Higher Plants show a simplification of structure comparable to that of 
Fungi. An e.xtreme case is tlrat of Ralfiesia (fig. 233). A typical Angio- 
spenn a.s far as the flower is concerned, this strange plant has its body 
reduced to a .sv'stem of fine cell threads, which penetrate tire tissues of 
the host just like a fungu.s my'celium. A return to life in water also 
often results in reduction. The Bladderworts (fig. 234) have no roots, 
and in the development of the shoot the same young part may' grow out 
according to circumstances into a “ stem ”, an assimilating “ leaf”, or 
an animal -catching “bladder”. The plant body' is practically a thallu.s. 


ECONOMIC IMPORTANCE OF HIGHER PLANTS 

While the living Mosses and Imnis are of little immediate value to 
man, the Palmozoic Vascular Cryptogams are highly important, since 
they effected the enormous storage of solar energy represented by' cm/ 
(see CiK(.iLO(;v). The uses of seed -plants have been dealt with in earlier 
chapters. 

PROSPECTIVE DEVELOPxMENTS 

In conclusion, we may' glance at some aspects of Botany which are now 
cnmparati\'cly unnoticed, but which promi.se to attract great attention in 
the near future, , 

Exi'lilKi. MENTAL MOKl'HOLOUV. — In contrasting the Higher Plants 
with the Lower Plants (Chap. VIII), the comparative fi.xity of the life- 
liistoiy was cited as one of the distinctive featui'es of the former division. 
Now Kleb.s, who so brilliantly proved the entire dependence of the repro- 
ductive proces.scs in certain Thallophy'tes upon external conditions, has 
lately shown that even in the ca.se of the Pdowering Plants one can alter 
the ordinary' course of development veiy considerably by suitably changing 
the environment. P'or example, the Common Bugle (Aju^a rep/ans), in 
the wild state, passes the winter — like many of our perennial herbs (see 
above, p. 10)— -in the form of a rosette; in the spring, this grows out 
above into an upright flowering .shoot and at the same time sends forth 
below horizontal runners which root here and there, each finally^ producing 
a rosette at its free end. By cultivation under various conditions, Klebs 
was able to modify' this "normal” lifediistoiy in .several ways; thus, by 
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a particular mode of treatment, a flowering- shoot was induced to grow out 
at the end into a runner which then formed a rosette (fig. 235, i). Under 
other conditions again, a runner can be gradually tran.sfonnecl into a 
flowering .shoot, the rosette .stage being omitted altogtUhcr. Similar 
results have been obtained in various Angiospenns by Klebs and others. 

TilE Study of Abnormaitties. — There is no definite boundary 
between such “ Experimental Morphology ” and the .study of abnormal 
.structure. Our last figure presents a few specimens of the anatomy of 
abnormal plant structures, some of natural origin (insect galls), others 
artificially induced. The case of Basidiobolus (fig. 235, 6) is especially 
intere.sting; for here we have a coenoc3^tic structure created in re.spon.se 
to definite physical and: chemical conditions in a plant which normally 
consists of ordinary cells possessing each a single nucleu.s. Again, a 
detailed .study of ca.ses such as that of the apple kernel (fig. 235, Sa, b), in 
which abnormal and apparently useless outgrowths appear on the cell- 
walls, might well throw light upon the important question of the origin of 
the numerous and varied “normal” type.s of cell-wall thickening. Both 
these young branches of our science are likely to acquire great practical 
importance in the future, because Ihej’- will give to man a larger, or at 
anyrate a more certain, control over the entire life-hi.story of a plant and 
over the development of particular structure.s. The purely scientific value 
of such studies is already considerable; it would become, enormous ii 
by their aid the botanist should be enabled to ba.se hi.s definitions 
of species upon physical conditions and chemical compounds as well as 
upon the data of visible structure. 

Matpiematical Work. — There is a branch of re.search dealing with 
such matters as the number, arrangement in Hi)ace, and sjmimctry of 
plant structures, which, failing a better name, ma)- be called Mathematical 
Botany. Though by no means of recent origin, it has from varit)u.s 
causes long remained in the background. Its modern lendonc)' may 
be illustrated by an observation selected from the recent work of 
Raymond Pearl. The Hornwort (see above, p, 17) is a .submerged 
water plant with branched .stems bearing many whorls of leaves. The 
number of leaves in the whorls varies considerably on the same indi- 
vidual. On any one branch, however, the variability is greatest in the 
lowcist (oldest) whorls and diminishes at first rapidly, then more and 
more slowly as younger whorls are counted, until the limit of absolute 
constancy is almost reached. This “hw cjf growth” for the Wornwort is 
probably a special case of a general physiological law stated by Jenning.s 
in the following words: “An action performed (or a phj'.siological slate 
reached) i.s performed (or reached) more rapidly after one or more repe- 
titions, so that in time it becomes ‘habitual’”. Evidently we arc here 
confronted with a problem akin to that of meinory, a subject which at 
first sight appears to have little to do with Botany. W'liat ajjjjeared 
to be a very dry exercise in statistics has led us on to consiiler funda- 
mental properties of the living substance and tlireatens even to in\-olve 
us in .questions of psychology. 

The moral, is on the whole an acceptable one. AIthf>ugh Botany, 
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T, AjuKii rcptuns ; ftowcvinj; slioot mncle Itt grow out into a 
runner, r. Roots. 

2a, Hairs from a gall on the Kainpion (Rhyteuma) flower. 

2i\ Hairs from an Krineum-gull on the Maple. 

2(:-e', Root liair.s tleformed by growth in concentrated solutions or 
by transference from air to water. 

3, Conocephalus ovatus. Transverse section through part of a 

leaf on which water-secreting excrescences have been pro- 
duced after the normal hydathodes (Vol. Ill, p. 165) have been 
Icilletl by painting them with corro.sive sublimate. 

4, Transverse section through part of the “algal zone” of a cycad 

root. The host plant sends forth hairlike processes into the 
large air-space wliich is invaded by Cyanophycete Bacteria 
and other low organisms (not figured). The meaning of the 
symbiosis is obscure. 

5, Kohlrabi clumps of Rozites gongylophora (Vol. Ill, p. 170). 

f), Giant cells with several nuclei foimcd by liasidiobolus ranarum 
when grown in to per cent glycerine solution at 30' C. 

7. Transverse section through part of a Nematode gall on Che root 
of Enchanters’ Nightshade (Cirema lutetiana). Giant cells 
with several nuclei. 

Sti, Part of a “woolly” excrescence in the core of an apple. 

S//, Two cells from one of the filaments of 8<f, highly magnified, 
shorving peglike thickenings on the outside of the cell walls. 

ga, .Abnormal starch grains from a leaf bulb of Oxalis crassicaulis. 
The.se bulbs are the modified leaves of runners and are pro- 
duced when the tip of a runner, and all its side branches, are 
removed. The disturbance of structure extends even to the 
starch grains. 

gi, Normal starch grains of Oxalis crassicaulis. 

lo, Longitudinal section through wood which has formed in a heal- 
ing wound of a conifer stem (Abies cephalonica). At a, grain 
of the normal wood ; at A grain along the edge of the wound ; 
at c, the characteristic twisted grain in the healed region. 

Fig. 1 reduced ; the rest magnified. 
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like other sciences, is split up into many special branches, each of 
them large enough to absorb all the energies of the average investi- 
gator, yet these departments arc after all not isolated from one another. 
The unifying principle which can most securely yet flexibly link up the 
different departments is that which aims at the expression of tlie results 
of observation and experiment as far as possible in terms of Chemistry 
and Physics. The wide acceptance which this ideal is gaining seeims to 
justify the claim put forward in the opening chapter, namely, that a 
“desire for exactness” is the keynote of modern Botany. 
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CHAPTER I 

HISTORY OF ZOOLOGY 

Zoology, the science dealing with animal life, like the sister subject 
of Botany, is so vast in extent that its study is subdivided between 
numerous groups of specialists, whose standpoints are exceedingly diverse. 
Taking the subject in its broade.st sense, the following are among its chief 
divisions; (i) Animal Morphology, dealing with form and structure; (2) 
Animal Physiology, concerned with use or function; (3) Embryology, the 
study of development; (4) Systematics, or Classification; (5J Distribution 
in space and time; ( 6 ) Philosophical Zoology, treating of evolution and 
kindred topics. Animal Physiology, however, is now considered as a 
separate branch of learning, although physiological ideas pervade modern 
Zoology, which without them would lack much of its interest. 

First Beginnings. — The foundations of modem Zoology are lost 
in the mists of remote antiquity, and include the lore of the primeval 
hunter, the knowledge of domesticated forms .sub.sequently acquired, and 
the facts gradually accumulated in utilitarian fashion towards the building 
up of human anatomy and physiology. The .stimulus to tlte imagination 
afforded by the part animals have played in totemistic practices, ancient 
religions, and ancient literatures (animal fables, &c.) also had mucli to 
do with the rise of the science. 

Aristotle.— The fir.st definite point where chaos begins to pass into 
order is afforded by the work of the great Greek philosopher, Aristotle 
(385-322 B.C.), whose famous work on the History of Animals, revealing 
an acquaintance with a considerable number of forms, displa)cs a remark- 
able knowledge of anatomy, physiology, and habits. The position of 
Aristotle in regard to Zoology has been exaggerated by some, belittled 
by others, and Pluxley is probably right when he -says; 

“He carried science a step beyond the point at which he found it; 
a meritorious but not a miraculous achievement. What he did recjuired 
the possession of very good powers of observation; if they had been 
powers of the highest cla.ss he could hardly have left such conspicuous 
objects as the valves of the heart to be discovered by his successors” 
{^Scientific Memoirs, IV, p. 391). 

And again, in regard to the History of Arti mats-. 
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“ As a whole, it is a most notable production, full of accurate infor- 
mation and of extremely acute generalizations of the observations ac- 
cumulated by naturalists up to that time. And yet, every here and 
there, one stumbles upon assertions respecting matters which lie within 
the scope of the commonest inspection, which are not so much to be 
called errors as stupidities ” {loc. cit^. 

To explain these last, however, Huxley suggests that the work in 
question may, perhaps, consist of the uncorrected notes of students, a class 
of the community, even now, liable to make the most extraoi-dinary 
mistakes. 

We can also trace back to classical times the knowledge of fossil forms, 
which has in recent times played such an important part in the develop- 
ment of biological science; while evolutionary ideas are not wanting, 
though these appear to have been entirely efforts of the imagination. 

Pliny. — Only one other classical writer needs brief notice-— the elder 
Pliny — one of the victims of the great eruption of Vesuvius that destroj^ed 
Pompeii and Herculaneum in 79 a.d. His large work on Natural History^ 
which is by no means limited to the consideration of animals, marks a 
retrograde movement, but unfortunately his unscientific system of classi- 
fication by habit met with universal approval, and remained the standard 
till the sixteenth century. 

Encyclop/EDIC Period. — After the break up of the Roman Empire, 
the entire decay of scientific knowledge of Zoology — among other branches 
of learning — was in part prevented by the Arabians, but during the dark 
l^eriod of the Middle Ages there is nothing of primary importance to 
detain us. With later times the name of Edward Wooton (1492-1555), 
a London physician, deserves mention, as with him began what may be 
called the “ Encycloprcdic Period”, when Aristotelian methods were 
revived, and fancy abandoned for fact. We now find elaborate work 
on individual forms or on groups; a great enrichment of knowledge of 
the animals of remote countries, due to more extended travel partly 
stimulated by the discovery of America; advances in classification; and 
the recognition of “comparative” methods, without which Zoology is a 
mere jumble of disconnected facts. 

Wooton’s work De Differentiis Animalium (published in 1552) revived 
and extended the work of Aristotle. Much the same ma}^ be said regard- 
ing other men of the time, particularly of Conrad Gesneu (1516-65), 
the first part of who.se Historia Animalium was published in 1551; and 
ULtSSES Aldrovandi (1522-1605), who wrote a voluminous Historia 
Naiuraliuni that began to appear in 1599. 

Systematic Period. — A period marked by great advances in Classifi- 
cation or Systematics begins with the seventeenth century, one of the 
most famous names being that of John Ray (1628-1705), whose work 
was intimately associated with that of his pupil, Francis Willugiiby 
( 5 b 3 S“ 72 ). He published an ornithology in 1676, and a Synopsis of Mam- 
malia and Reptilia in 1693, the principles of classification, being laid down 
in the latter. Ray thus helped to prepare the way for his better-known 
and more famous successor Karl von Linn6, commonly called LiNNAiU.S 
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(1707-78), in whorie great work Sysfenia Natuvm (first edition 1735) some- 
thing like order was introduced into the chaos resulting from the gradual 
accuiTuilation of innumerable facts. Linna-us initiated the practice of 
giving a double name to each form, the first being that of the genus, 
and the second that of the species. The dai.s\’, for instance, wa.s called 
BelHs perenms, and the hor.se Eqims caballus. The fault of his .sj-stem lies 
in its “artificial” nature, characters .selected in an arbitral-)" wa)" forming 
the basis of classification, with the re.sult that clo.sely related forms are 
sometimes separated, and obscurely or distantly related one.s brought 
together. , 

I'he seventeenth and eighteenth centuries, however, mark man)" advances 
besides those made in classification, though the .s)'stematic.s of a given 
period are a useful inde.x to current knowledge. A powerful stimulu.s 
was given in the former century by the foundation of important scientific 
societies, regarding which Sir Ray Lankester makes the following rt- 
marka (Advancement of Scieme, p. 2g8 ): — 

“The first founded of surviving European academie.s, the Acadeviia 
..Natures- Curiosum (1651), especially confined itself to the description and 
illustration of the structure of plants and animals; ele\'en )"ears later 
(1662) the Royal Society of London was incorporated by royal cliarter, 
having existed without a name or fixed organization for seventeen yeans 
previously (from 1645). A little later the Academy of Sciences of Paris 
was established by Louis XIV. The influences of these great academies 
of the seventeenth century on the progress of Zoolog)- was preci.se]y to 
effect that bringing together of museum - men and the phy.sicians or 
anatomists which was needed for further dexelopment.” 

Improvement in Technique. — The progress of .science indicated 
by the establishment of academies in various countries had an important 
influence upon Zoology by way of bettering existing methods of obser- 
vation, more particularly as it led to successive improvements in the 
compound microscope. The two most famous of the earlier observers 
to add to knowledge by means of this instrument were Anton von 
Leeuwenhoek (1632-1723), who discovered the animalcules that swarm 
in putrefying infusions, besides finding out many other things about 
the lower animals, and Marcello Malpighi (1628-94), Profes.sor of 
Medicine at Bologna, who laid the foundations of our knowledge of the 
minute structure of higher forms. The same good service was rendered 
b)" the illustrious Harvey (1578-1657) — best known as the discoverer of 
the circulation of the blood — to the science of embryology, for he described 
the development of the chick. But this branch of Zoology v'as much 
further advanced by CASPAR P'RIEORICH WOLEF (1735-94), who in his 
great work Theirria Generationis {pvLh\is\\&A 17S9) proved that the com- 
plex body of a higher animal results by a gradual process of upbuilding 
(“epigenesis”) from a .simple germ, and not by a mere increase in size 
(“evolution” in the old sen.se) of parts already present: from the beginning. 

Naturalists.— The period which witne.ssed so much activity in sy.s- 
tematics, and in what may be called “ laboratory ” branches of Zoology, 
also produced a number of observers, moi-e or less eminent, who took 
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most fertile conception, as already set forth in the section on GENERAL 
Biology, to which much will be added in that on PHYSIOLOGY and 
Medicine. Nor must we forget the work of von Baer (1792-1876} and 
VON Kolliker (1817-1905) in the domain of embryology. Important 
researche.s in other directions were also made by numei’ous men of 
distinction, but the exigencies of space forbid details. 

The Period of Involution in which we now- live, and which con- 
cludes this necessarily brief .sketch, commenced somewhat sharply on the 
1st of July, 1858, when papers were read by CHARLES Darwin (1809-82) 
and Alfred Ru.SSKL Wallace (born 1822, and happily still with us) 
enunciating the theory of li volution by Natural Selection, dealt with in the 
section on PlllLOSOlTHCAL BiOLOGY. Darwdn was led to hi.s conclu.sions 
by ob.servation.s made in South America, and independent views of the 
same nature were reached by Wallace as a result of his work in the Malay 
region and the East Indies. It is the proud boast of biologists that these 
conclusions have not only profoundly influenced their own subject, but 
revolutionized almost every department of human thought. Their rapid 
spread was due in no small measure to the vigorous championship of 
the late Professor HuXLEY, with his unrivalled store of knowledge, and 
the equally strong support of that brilliant controversialist Professor 
Ernst VON H.\ecicEL. Scarcely Ie.ss is due to the veteran botanist Sir 
Joseph Hooker or to the late Profes.sor Francis Maitland Balfour 
(1851-82), who had established a world-wide reputation for comparative 
embryology before the close of his brief career. 

itioDERN Theory. — During the last thirty years Zoology has advanced 
with great rapidity in all possible directions. Its theory has been in- 
fluenced in a remarkable way by the speculations of Professor WICISM.-VNN, 
and more recently by the long-forgotten work of Men DEL on heredit}'. 
The material for research has accumulated to a vast extent, largely on 
account of the numerous scientific expeditions that have been and are 
being organized by various countries, by the establishment of marine 
stations (of u’hich the premier one is at Naples), and bj' the arrangement 
of museums on rational lines. The rise of a new' pakeontology, as laid 
down by such men as NeuM-AVR, von ZlTTEL, CorE, and MarsH, has 
provided a firm foundation for the study of phylogeny, Le. the evolution 
and mutual relationship of animal groups whether large or small, Thirty 
years ago the pedigree of horse-like forms was the only one established 
w'ith anything like certainty, but now it is one among many. 

Modern Technique. — There has also been constant improvement 
in the methods of laboratory research, especially in the way of cutting 
thin sections and the perfecting of optical appliance.s. It is now' possible 
to cut a continuous series of sections of a minute animal or embryo, using 
the same for reconstruction of an enlarged model. By special methods of 
staining, details have been discovered which were before unsuspected, and 
the life-histories of microscopic forms worked out. Such methods have 
enabled the enormous magnification of the modern compound microscope 
to be used to great advantage, so a.s to demonstrate a world of detail 
within the cell, once regarded as the unit of .structure. Investigations of 
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With great ingenuity Sollas has invented a modification of this 
method by which it is possible to make models of fossils so imbedded 
in stone that to chisel them out is impossible. In this case the object 
is gradually ground down, and a series of photographs taken at regular 
intervals corresponding to a given thickness. 

Modern Glas.SIFICATION. — The classification of animals has been 
prf)foundly influenced by the advance of zoological science, and approxi- 
mates more and more to arrangement by actual pedigree, so that modern 
schemes of cla,ssification resemble genealogical trees, which in fact they 
are. This is what we now mean by “ natural ” classification. It is rarely 
possible to any large degree, except in the case of groups possessing hard 
parts capable of preservation in the fossil state, and which have actualljr 
been so preserved in large amount during geological time. We now know, 
for example, a great deal about the actual affinities of elephants, but can 
do little more than speculate about the descent of some of the groups of 
worms in which the body is entirely composed of soft tis.sues. 

Nature Study. — Considerable impetus has of late j^eans been given 
to what is termed “Nature Study”, which may be considered as an 
extension on scientific lines of the methods employed in a crude form 
by Gilbert White and his many followers in the pre - Darwinian epoch. 
It is in effect the study of living animals and their habits, considered as 
parts of an infinitely complex web of life. In the course of evolution 
animals have become adapted to various kinds of surroundings (environ- 
ments), as long since perceived by Lamarck, and any animal (or plant) 
embodies solutions to a number of practical problems, which if unsolved 
u'ould have meant complete extinction. Adaptations to swfimming, bur- 
rowing, flying, to life in the sea, and life in fresh water, all afford good 
examples. Any particular environment is exceedingly complex, very liable 
to change, and inclusive of both non-living (e.g^. climatal conditions) and 
living factors (local fauna and flora). 

Regarded in this way, Nature Study is a subject of school and college 
education which has great possibilities, turning to good purpose for mental 
training the natural sympathy man has with nature, and directing into 
proper channels the craze for “collecting”, w'hich has so often meant in 
the past little but the ruthless hunting down of rare species. In its early 
stages the subject is mainly useful for cultivation of the powers of obser- 
vation, and later on brings the "how and why" more into prominence, 
thus training the I'casoning powers in no mean degree. A boy who has 
received a suitable training in Nature Study will not only have liad his 
mental powers improved, but will be provided with an intellectual “hobby” 
that may prevent him from becoming a mere business machine, and he will 
be able to take an intelligent interest in many burning problems of the 
(lay, such as the principles of heredity, which, in spite of their important 
bearing on human, progress, are too often regarded as a mere field of 
debate for scientific experts. 
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CHAPTER II 


PRELIMINARY SURVEY OF THE ANIMAL 
KINGDOM 


As frequent reference will necessarily be made in the sequel to the 
cliief groups of animals, it may be well to speak very briefly of tliem here, 
in fig. ,23611 very rough 
genealogical tree is given 
of the animal kingdom, 
each branch of the same 
corresponding' to an 
important sub-kingdom 
or phylum. Each such 
branch subdivides in a 
more or less complex 
way, according to the ; 

number and nature of 1 

the .sub-group.s of the | 

particular phylum, but ^ 

such division is omitted ' 

for the sake of simpli- 
city. It must be pre- ' 

supposed that actual 
living matter (proto- 
plasm) exists in the form 
of minute particles called 
cells, each of which is 
controlled by a special- 
ized part known as the 
7 iucleits. Details are 
given in other sectioms. 

The first forms of 
life doubtless came into 
existence by evolution 
from non-living .sub- 
stance, though how and 
when we do not know, 
nor arc we ver)' likely 
to learn. Such forms were in all probability .not very unlike the simplest 
green plants which now exist, and which are able by means of their 
characteristic pigment (chlorophyll) to utilize sunlight in building up proto- 
plasm from simple inorganic chemical compounds. Animals have lost this 
power, with few exceptions, and hence have diverged from the members of 
the plant realm, which still, in the majority of cases, retain it. 


Arthropods 


■ Lamp-Shells 
.-Moss-polypes 
Vertebrates 


Echlnoderms 


Til read -worms 


Flat-worms 


Common Ancestors of 
Simplest Animals & Plants 


Zoophytes 

TWO -LAYERED 

Sponges^^^^ 

- 

Protozoa 
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I. PROTOZOA (ANIMALCULES) 

INFUSORIA.—When the Dutch naturalist Leeuwenhoek, inspired by 
a somewhat dilettante spirit of curiosity, examined drops of putrefying 
infusions through his crude compound microscope, in the latter part of the 
eighteenth century, he perceived swarms of little creatures swimming about 
with the greatest activity, and, on account of the material in which these 
were first discovered, these are now known as IMI’USORIA (fig. 337)- Some 
■of them progress by means of the whiplike movements of one, two, or a 
few slender threads of living matter (flagella), and others by the alternate 
bending and straightening of shorter and more numerous threads of the 
same material (cilia). Hence a division of infusoria into Flagellnta (fig. 237, 
i;, F, G, I'O and Ciliata (fig. 237, B, c). In the more specialized of such forms 
the food partly consists of .solid particles of organic nature taken in through 
a mouth into the soft protoplasmic body substance, but many flagellates do 
not require such an arrangement, as they simply absorb the nutritious fluid 
which serves as their home. A number of infusoria (but not those found 
in infusions) are fi-xed to various objects by stalks, their flagella (or cilia) 
setting up currents by which particles of food are brought. 

Rhizopod.^. — In another group of Animalcules (Rhizopoda) the body 
is not covered by a membrane, and its protoplasmic substance is able 
to flow oiit into blunt or it may be thread-like lobes (pseudopods) which 
differ from flagella and cilia in not being permanent structures (fig. 237). 
A well-known form is the celebrated Proteus Animalcule {Ameaba), which 
pushes out blunt pseudopods from any part of its body, using them for 
locomotion and the capture of food (fig. 237, r). Some similar types 
living in fresh water possess a sort of .shell (fig. 237, Q). 

Very notable are the Foraminifera (fig. 237, M, N, o, P) which swarm 
in infinite numbers on the surface of the sea (and to a less extent on that 
of fresh water), and are provided with numerous slender radiating pseudo- 
pods, and an often complicated, usually calcareous, shell. When these 
animalcules die their shells rain down upon the ocean floor and accumulate 
as foraminiferal "oozes” covering vast areas. Similar in some respects 
are the marine Ray - animalcules (Radiolaria), with complex siliceous 
shells, making up other oozes on the floor of much deeper parts of the 
sea (fig. 237, J). 

SpoROZOA. — Far different in character are the Spore - animalcules 
(Sporozoa), distinguLshed by their parasitic habit, and the cause of certain 
fatal diseases, such as “ .sleeping sickness ” and malarial fevens, as we shall 
learn in a subsequent section (fig. 237, A). 

In spite of notable differences a typical animalcule or protozoon, to 
whatever group belonging, is a simple cell, and the Protozoa are therefore 
said to be unicellulai', and probably come nearest to the first animals 
that ever existed, though many of them are greatly specialized on lines 
'"-iof'their.own. 

Metazoa. — The remaining sub-kingdoms of animals are conveniently 
lumped together as Metazoa, their bodies consisting of aggregates of 


PROTOZOA, ENLARGED TO VARIOUS SCALES 


A, Cockroach Grcgarine {Ckpsidrimi blaitaruni). 

B, Bell-Animalcule ( Vonicelia) extended and retracted. 

C, Slipper-Animalcule {Parammcium). 

D, Volvox. 

E, Euglena. 

F, Noctiluca. 

G, Codonocladiiun. 

H, Monads; I and 3, Springing Monad t^heferomitaY, 3, Chilo- 
}twnas\ 4, Hexamita. 

] and J', Skeletons of Radiolaria {Hcliosphiera and Jiucyrtidium). 
K, A Siin-y^nimalcule {Actmosphmrium'). 

L and L', Small piece of a Mycctozoon and two capsules (one 
ruptured) of same. 

M, .A Foraminifer {Rotalia), with protruded threads of protoplasm. 

N, O, P, Shells of Foraminifera {Globigerma, Nodosaria., and 
Miliola). 

Q, A shell-bearing Rhizopod {Diplugia\ allied to Amceba. 

R, Proteus Animalcule {Amaiba). 

Reference letters: — F., Food; fl., flagelliiin ; G., gullet; m., mouth ; 
MAC., macronucicus ; MIC., micronuclcus: N., nucleus; 
P.V., pulsating vacuole. 
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cells, t.e. tliey are multicellular. In Protozoa there ma}- be more or less 
“ division of physiological labour” between different parts of the same cell, 
but in Metazoa this sharing of responsibility takes place between different 
groups of cells, which assume different forms and characters in accordance 
with their uses. These modified groups are known as^ ff.ov/c.r, and in 
higher forms include muscle, nerve, and .so forth, the difference.s between 
which are obvious even to the naked eye. Ihe terras “high” and “low” 
have reference to the extent to which the division of ]al:)oiir i.s carried 
out, marked by a corresponding differentness in .structure (morphological 
differentiation). 

Origin of Metazoa.— There can be no doubt that Metazoa have 
been derived from Protozoa, though the exact manner of evolution is 
somewhat obscure. We know, however, that some of the latter are colonial, 
i.e. a number of individuals are permanently connected together, and by 
supposing division of labour between the member.s of such a colony the 
origin of Metazoa can easily be imagined. There are indeed certain exist- 
ing colonial Protozoa in wliich such a process is beginning (fig. 237, D), 

II. SPONGES (PORIFERA) 

The familiar' bath sponge is tlie horny skeleton of an animal of this 
kind, but as it belongs to one of the numerous colonial forms where a 
number of individuals are closely united together 
without sharply- marked boundaries, it will be 
better to consider a simple type (fig. 238). Thi.s 
may be described as a flask- or vase-shaped creature, 
attached at one end, and with numerous small 
holes in its wall. If examined when alive, arid 
under natural conditions, it will be found that 
currents of sea water continually flmv through the.se ' 
small holes into the cavity of the vase, and out of 
its large aperture. As in the fixed Protozoa, the 
currents serve the purpose of bringing food, pro- 
mote breathing, and carry away waste products. 
Microscopic examination of the sponge .show.s ,triat 
its hollow body is lined by cells closely resembling 
some of the flagellate Protozoa, from which most probably the group 
has been derived. The wall of the vase is strengthened by numerous 
sharp needles or spicules of calcareous nature. 

Most sponges, however, are very much more comjdieated than tlie 
simple type described, and their colonics assume the most various shapes. 
The spicules of the skeleton are often siliceous, and may be welded 
together into a firm mass. Sometimes horny fibres are present in addition, 
or less frequerttly, as in the bath sponge, these may entirclj' replace 
spicules. 



Tig. S38.-A Calcareous Sponge 
' {Sjrcaudra ra//ea»M) 
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III. ZOOPHYTES (CCELE NTERA) 


While .sponges represent a .special and highly peculiar offshoot from 
the Protozoa, the animals familiarly known as zoophyte.s (Gr. soon, animal; 
phyton, a plant), becau.se their branching colonies were forniei-ly mistaken 
for plant.s, are probaVjly in the main line of descent of the Metazoa. There 
are two main .subdivisions: (i) Hydrozoa, and (2) Anthozoa. 

I. IlYDKUll) ZnOl'HYTKS AND J KLLY - TISIIE.S (HyDUO/O.N). — The 
leading character.s of a hydroid zoophyte arc represented in fig. 239, 
where we ab.serve , : 

a branching colony 

covered by a firm ^ ^ yy V 

horny skeleton e.K- ,* %'X'v ^ "" 

paneling into little yI ' / 

cups for the lodg- /"V \ 

ment of the individual /,/ 

members, (polypes), C 

each of which pos- vj. ^ " 

sesses a central mouth perisarc-^j,,.^ 

.surrounded by a eir- c/enosarc 

clet of tentacles bj' ft/ 

which prey is secured, 

producing stage ' k M . “ f yTONTAocEs 

the form of a minute 4 ' M ‘^^^'angium D. | 

free- swimming jelly- 

' A closer .study of 
the little .solitary 1 

Freshwater Polype 
(I/juMrj, devoid of h/ 

skeleton and jelly-fi-sh manubrium /^z ^ 

stage, will enable us rig. ?M.-.-FXcil.And IVce.wimmioi.Siago'i of. -i Hydroid Zo.ipliyta,()feiV«). 

to better mider-stand a, N.ici.r.-iisije e.di«BLd 

the UtlPS on which the a, a colony of the fixed (hydroid) stage, attached to .a piece of sun-weed. 
body is constructed. swimming stage (jellyfish or medusa). 

Here the body is a 

tube, ivith a mouth and circlet of tentacles at one end (fig. 240). The wall 
of the tube essentially consists of two layers of cells, an outer {ectoderiii) 
and an inner {cndodenn\ the latter being primarily concerned with dige.s- 
tion, and the former with protection and control of the activities (f.e. it 
plays the part of a nervous system). 

All jelly-fishes are not stages in the life -history of fixed hydroid 
zoophytes; in fact, there is no fixed stage in the case of the larger animals 
of the kind which are most familar to the seaside observer. 

2. SEA-KLOtVER.S (AnthozOA). — The Sea-anemone.s \vhich abound 
on rock.s between tide-marks are in some ways more complicated in 
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tentacle 


DIGESTIVE 

CAVITY 


8TOMAOHJ 


supporting layer 
coUb with flagella, 
all, with thread pro- 


Metazoa, where the division of labour between the cells making up the 
body is but imperfectly effected. 

Thrke-LAYERED Animals.— All the remaining phyla may be col- 
lectively termed three-layered animals, because at an early .stage of their 
individual development a third layer of cells {inesudenit) makes its appear- 
ance between the two which alone are present in Zoophytes. I’liis tnean.s 
that the division of physiological labour is carried on to a further stage. 
It may be taken as a general principle that the successive steps in the 
development of an animal represent in a broad way the evolution of its 
group (Recapitulation Theory), and, as all thrce-la3'ered animals pass 
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through a two-layered stage at an early period of their existence, this 
may be regarded as an indication of descent in the remote past from 
forms constructed somewhat on the lines described for Hydra. 

Radiai^ Symmetry. — Most Zoophytes are either fixed, or else Cjelly- 
fishes) drift or swim in an indefinite manner. They therefore react to 
snrrounding.s in pretty much the .same way all round, which probably 
accounts for the star-like arrangement of parts round the central moutln 
This kind of regularity is technically known as radiai synnnctry. 

Eir.ATKRAr. Symmetry, — The vast majority of three-layered animals, 
however, progress more or le.ss actively in a definite direction, and in adap* 
tation to this have acquired, as a rule, an elongated form, convenient for 
swimming, creeping, burrowing, or other wav-s of locomotion. The re- 


TUBE- 


action to surroundings must necessarily be different at the two sides, in 
front, behind, above, and below’, w'hich is expressed by the two-sided or 
hilatcml symuh'tyy that is now characteristic. Such .symmetry, in fact, 
necessarily iiwolves not merely a distinction between right and left 
sides (mirror images of one another), but between front (anterior) and 
back (posterior) ends, and upper (dorsal) and low'er (ventral) surface.s. 
This i.s admirablj’ exemplified by such an animal as an insect, a cockle, 
or a fish. It should be mentioned, how'ever, that some meinber.s of various 
bilateral groups have reverted to a sedentary or fixed life, and in such 
cases there is a tendency to reassume a greater or less measure of radial 
.symmetry. 

IV. HEDGEHOG-SKINNED ANIMALS (ECHINODERMA) 

The existing forms these include are Sea-lilies (and Feather-stars), 
Starfishes, Brittle-stars, Sea-urchins, and Sea-cucumbers. Of these the 
stalked Sea-lilies of the deep sea are the only fixed ones. Taking a 
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common star-fish as the best-known representative of the phylum (fig. 242), 
we notice at once that it appears to contradict what wa.s said in the last 
paragraph, for it seems to be entirely radially symmetrical. But if the 
upper side be examined closely, a curious tubercle will be found in the 
angle between two of the rays, and a line drawn through thi.s brings (uit 
the existence of bilateral symmetry, though this is somewhat obscure. 
It is far more obvious in some other members of the phylum, as we 
shall see elsewhere. The tubercle (madreporite) just mentioned is riddled 
with minute holes, through which sea-water enters a set of tube.s (water- 
vascular system). Some of these project below as tube-feet, that are used 
for crawling. Another noticeable feature is the possession of a strong 
limy skeleton embedded in the skin. 


V. FLAT WORMS (PLATYHELMIA) 

These creatures owe their name to the circumstance that in average 
cases their bodies are greatly flattened from above downwards (fig. 243). 

They include a vast assemblage 
forms, of which many are 
parasitic (tapeworms and flukes), 
while others (planariaii worms) 
live in salt or fresh water, or 
even in damp places on land. A . 
typical aquatic planarian worm 
glides over stones or water 
plants in .search of prey, protruding a muscular tube (pharynx) from its 
mouth by which small creatures are seized (fig. 243). Great theoretical 
interest attaches to the non-parasitic members of this phylum, for they 
are the simplest of three-layered animals, and there are rea.sons for think- 
ing that they have been derived from solitary ancestors resembling certain 
free-swimming zoophytes (Comb-jellies, a group distinct from Hydrozoa 
and Antliozoa), which have acquired a modified structure by taking to 
creeping. , 

VI. THREAD-WORMS (NEMATHELMIA) 

These are cylindrical worms, of which the majority have taken to 
a parasitic mode of life. Their pedigree is very conjectural, and they 
are chiefly interesting on account of the diseases (trichinosis, &c.) for 
which they are responsible. 


; (cnlatged), with pharynx 


EClIlNODERMS 


The nninials here inchidud constitute a Aveil-markcd group of- 
marine animals, in wliiidi the body is typically sta r-shaired or 
spheroidal, or less commonly cylindrical. 'Fhcrc i.-^ a more or 
less perfect cideareous skeleton developed in the skin, and part 
of it may consist of fixed or movable spines, hence the name of 
the group (Clk. n'liiiws, a hedgehog; derma, skin; i.e. hedgehog- 
skinned). pcciiliar system of tubes is present, containing sea- 
water ;ind comiminicaling with tlie e.xterior. In three of the 
constituent il.isse-. Cstar-fish, sea urthin.s, and sca-cucumbers) [tart 
of this “water-vascular” system consists of sucker-like tubc-jeet, 
which are used for e.xecuting crawling movements. 

Four common British forms ;tre figured as types of the four 
ciasse.s now dominant, i.e. .Star-fish {Asteroided), Brittle Star-, 

' Op/nuroidcif), Sea-urchins (Echiuoidea), atid Sea-cucumbevs (Holo- 
thuroided). 

1. Purple-tipped Sea-urchin ! Echinus uiHiaris). Body covered 

by numerous spines aitached by ball-and-socket joints to 
little knobs. (“ Urchin’' is ;m old name for the hedge- 
■ iiog.) ; ■ 

2. Black Sea-cuenmber {Ifolothuria nigrd\. Leathery skin, in 

which scattered caUtireous plates :ire emiredded. 

3. Brittle Star {Ophiura). Disc-like body with five flexible 

limb-like arms. 

4. Common Star-fish (Uraster rubens). With five arms which 

.'ire extensions of tlie central body. I'Tlie karge 5)»ecimeu 
figured has more than the usual number of arms.; 
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I. Bristlk- wokms (Cii.'Etopoda). ■ — A good average example of 
this group is afforded by the Sea - centipede (iVcmV) (fig. 244). The 
front part of the body is modified into a fairly obvious head, bearing- 
feelers and provided with four simple eyes. A muscular pharynx, witii 
a pair of formidable horny jaws, can be protruded from the ventral mouth 
for the capture of prey. The rest of the animal is divided into a large 
number of rings or segments, each provided with a blunt foot-stump 
on either side, within which .setre or bristles are embedded. As 
suggested by their name {Gk. para, at the •aide-, pous, potios, a foot), the 
parairods serve for creeping, and their bristles are able to grip a .slippery 
surface. 

An earthworm is constructed on somewhat similar lines, but is much 
modified by adaptation to burrowing. The head is very ill-defined, and 


LARGE BRISTLl 


PTENTACLE 


v^HEAD 


^BRISTLES 


VENTRAL 
CORD •< 


possesses neither feeler.s nor eyes, which would only be a hindrance in 
underground life. The segments have lost their parapocls, but a few 
bristles are retained, which aid progress through the burrows the creature 
makes. 

The Sea-centipede is a good example of an “errant" {i.e. wandering) 
marine annelid that moves actively about, but some of the bristle-worms 
are tube-dwellers, living in tubes they construct or secrete, devoid of jaw.s, 
and depending for their food upon currents set up by the cilia co\-ering 
the enormou.sly enlarged branching tentacles developed upon their heads. 

2. Lkechfs (Discori-IDRA). — These are annelids which have nearly 
al\vay.s lost the bristles as well -as the parapod.s, and are provided with 
a sucker at each end of the body, enabling them to crawl along by a 
series of looping movements. The most familiar forms live on the blood 
of the higher animals, and possess saw-edged jaws for perforating the 
skin of their victims. They may therefore be described as external 
parasites (ectoparasites). 


ZOOLOGY 



VIII. LAMP-SHELLS (BRACHIOFODS) 


Thcsi- curimi.s creaUires, 
of little imj-jortancc at the 
present time, hut once very 
dominant, are purely marine 
animals, remotely related to 
the Annelids so far as can be 
determined. They are en- 
closed in a calcareous .shell, 
consisting of two pieces 
(valves), upirer and lou'or re- 
spectively _’4S). A sort 
of stalk, usually serving' for 
attachment to .some firm ob- 
ject, [)rotriulcs from a hole in 
the lower valve, and (as in 
tube-worms) food is bronj^'ht 
to the m<Jiith kn' ciliary cur- 
rents. 1 n this casi' the current- 
producing ory,:in (lo[)hophore) 
consists of riyht and left 
branches (“ann.s") pro^Iderl 
with ninnerous tentacles. 


IX. MOSS-POLYPES (POLYZOA) 


X. JOINTED-LIMEEl) ANIMATES 

Xhe innumerable animals included in 
Fig. !46..-Po!y/oa, cniarncd p^ylum iio doubt represent a special- 

somrnidSail offshoot froiii primitive annelids, dis- 

tiiflsiertt xatcior rctroctioii. ’ tinguished by fc\\-cr and more modified 

_ .segments, and limbs divided into a number 

of joints. Omitting entitelj^ extinct forms, it will be .sufficient to enumerate 
the classes into .which existing species are subdivided. 


These unfamiliar nearly always colonial animals arc mostly marine,' 
though a few of them live in fresh water. The)' mostly posses.s an external, 
horri)', or it may be calcareous .skeleton, 
and .superficially resemble hydroid Zoo-;- 
phytes, though in reality of much more 
complicated structure (fig. 24f5 ). They* 
feed in the same way as the Lamp-shells,, 
to which they are pej'haps distantly re- 
lated, and the current-producing organ is- 
a plume of tentacles. 
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1. Crustacea. — Nearly ahvaj-s aquatic. Water-fleas, barnacle.s, sand- 
hoppers, woodlice (terrestrial), shrimps, prawn.s, lobsters, crayfish (fresh 
water), crabs (some terrestrial). 

2 . King-CRAB.s (XlPHO.SURA). — Repre.sented by one widely distri- 
buted type {Li}n?ilus), wdth manj'- resemblances to scorpions. 

3. Pri.vutive Air-BKE.\THER.S (Prototr.ACIIE.vta). — These are repre- 
sented by a single {Perifutits), widely distributed in tropical countries, 
and more clo.sely related to Annelids tlian any e.^istinp' 

Arthropod (fig. 247). V ij 

4. CeXTIPEOE.S and MILLIPKDKS (MvRIAI'ODA).— Ter- J 

restrial animals presenting a considerable ad\’ance upon 
Peripatus in specialization. Trll''" 'l? 

5 . I-NSKCTS (Insecta). — The most dominant c!as.s of 

existing terrestrial backboneless animals. Some of the .Jf;) r imi> 

primitive wingless forms closely resemble certain abbrevi- Jlr s 

ated centipedes, and this maj' be taken as an indication ^ J 
of pedigree. U 

6. ScoRj’roNS, Spiders, and Mites (Araciinida). — ; C'*? 

Nearly always terrestrial, but resembling King-crabs more w j'd w 
closely than Insects. jWj-t-C 
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CHAPTER HI 

THE EVOLUTION OF ANIMALS IN GEOI.OGICAL 
TIME— ARCH^AN EPOCH-CAMBRIAN PERIOD 

Fossils— The kinds or species of animals now livinj4' have been com- 
pared to the leaves of a tree which a flood has almost entirely submerged, 
the parts under water corresponding to the innumerable host of species 
now mostly extinct. The branches of such a tree, to carry out the 
metaphor, may be taken to represent the groups of the animal kingdom. 
It was formerly the practice of zoologists in constructing their schemes 
of classification, expressing the affinities of groups, to consider only or 
mainly existing or recently extinct forms, and such schemes must 
necessarily be as faulty as conjectural drawings of a submerged tree 
founded on the evidence of the twigs and leaves appearing above the 
surface. Geologists, on the other hand, have until recent years been 
too much in the habit of relying on the study of extinct forms only, as 
represented almo.st entirely by bones, shells, &c., which as “fossils” are 
found embedded in the stratified rocks making up the geological record. 
It is now recognized that in solving problems relating to animals all 
possible data mu.st be taken into consideration, and modern Zoology 
includes “ palaeozoology ”, which deals with the fossilized remains of 
formerly existing animals. 

Geological Record. — The section oh Geoixigy has dealt with the 
evolution of existing areas of land and sea, the final term of a long scries 
of mutations from times almost infinitely remote as judged by human 
chronological standards. The succession in time of stratified rocks from 
Archrean to Recent lias there been set forth, and wc now proceed to 
discuss the succession of animal associations (faunas) which have marked 
the geological ages through which our planet has passed. It is in the 
main, as might be expected on evolutionary principles, an advance from 
low to high, but many lowl)' types have been enabled to hold their own 
right through geological time, because they are adapted to conditions of 
life unaffected b}^ the competition of higher forms. 

IMPEREECTION OF THE GEOLOGICAL RECORD.— Only animals pDs.sess- 
ing hard parts, by way of an internal or external skeleton, are capable as 
a rule of leaving decipherable traces in the stratified rocks, though to 
this there are occasional exceptions, for impressions of even such perishable 
creatures as jelly-fishes arc. now and then found in strata of fine texture. 
Our knowledge, however, of the past history of most groups of Protozoa, 
of some Zoophyte.s, and all Flat-worms and Thread-worms is practically 
nil. Even if an animal possesses a hard skeleton, the chances of its pre- 
servation are but small, especially in the case of terrestrial forms. The 
vast herds of, bison Which once existed in North America have left but few 
, marks of their existence, and the deposits now accumulating in the Gulf 
of Mexico probably enclose a' very .small number of bison bones. There 
is an even' smaller chance that the remains of birds should be preserved. 
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The great mass of the deposits making up the geological record are 
of marine nature, and this is especially the case with those which date 
from the older periods of the earth’s history. It naturally follows that 
while the story of life in the sea is comparatively full, that of life on 
land is more or less meagre. We must also remember that bones, shells, 
and other hard parts of calcareous nature are liable to be dissolved by 
percolating water should they chance to be enclosed in porous rocks, 
such as sandstones. It i.s, further, an undoubted fact that great thick- 
nesses of fossihferous strata hav^e been worn away altogether or have been 
so altered that the remains of animals they may originally have contained 
are now unrecognizable. Taking all these facts into consideration the 
wonder is, not that the geological record should be imperfect, but that 
our knowledge of extinct animals is so full. The progress of investigation 
during late years has largely added to that knowledge, and the strata 
of America, India, and South Africa have proved veritable mines of 
information. 
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C = Camliriaii, O = Ordovicimi, S .= Silurian, D = Devonian. Cb = Carljotiiferaus, P -- Pci niian, 
T =i Trias,, J = Jurassic, CT = Creiaceons, Tr = Tertiary, R = Recent. 


Chapters oe the Geologicae Record.— As elsewhere set forth 
in detail, it is convenient to divide the earth’s history into four great 
epochs, ArciL'EAN, Pai..'KOZOIC, ME.SOZOIC, and Kainozoic, the last 
being by far the .shortest, and the first in all probaVjility by far the 
longest. Their actual time-value is very conjectural (see A.STRONOIMY), 
but is undoubtedly far more considerable than once supposed. A formid- 
able objection to the theory of e\'olution has been found in the time- 
limits imposed by astronomers and phj'sicists. It is now admitted that 
their calculations were based on inadequate data, and, even supposing 
them to be correct, the objection would only be valid if evolution could 
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be assumed to be necessarily a very slow process during- all the geological 
epochs. . .. 

ARCH^AN EPOCH 


Thi.s ea-rlie-st part of the geological record has so far yielded no 
undoubted fossils, though it includes great thicknesses of unaltered .strata 
(a.s well as extensive complexes of metamorphic rocks) the barren nature 
of which is rather extraordinary. For reasons which will be apparent 
later on, it mu.st be admitted that animals of varied kind existed during 
Archaean times, and we may anticipate with some confidence that the 
remains of some of them will ultimately be discovered. So far only 
obscure markings have been described, interpreted by .some authorities as 
the skeletons of certain Protozoa (Radiolaria), and the burrows or tracks 
of marine worm.s, 

PALAiOZOIC EPOCH 

This is divided into Cambrian, Ordovician, Silurian, Devonian, Car- 
boniferous, and Permian periods, which will be briefly considered in 
succession. 

CAMBRIAN PERIOD 

The olde.st rocks belonging to this early part of the geological record 
. contain abundant fossils of very different kind, as will be realized by 
reference to fig. 248. They are all remains of Invertebrates, but it is 
clear that several groups of these had a long evolutionary history behind 
them, Hence the certain conclusion that there must have been an 
Archaean fauna, though at present w’e know' nothing definite about it 
except by inference. 

Great Variety of Cambrian Types (fig. 248).— A glance at the 
accompanying table will show that all but one (Moss-polypes) of the 
Invertebrate groups possessing hard parts capable of preservation in the 
fossil state were represented in Cambrian times, and there can be little 
doubt that other groups devoid of hard parts were also present, those 
including in all probability the lowly ancestors of the Vertebrates or 
Backboned Animals. 

Fixed and Sluggish Animals.— In those remote days when the 
struggle for existence was lc.ss keen than in later times, it is noteworthy 
that many forms were able to make a living either if fixed or able to 
progress in a comparatively slow fashion by crawling or burrowing. In 
fixed animals of the kind the food consists of minute organisms and organic 
particles contained in the suri'ounding water, and food-bearing Currents are j 
commonly set up by the agency of microscopic threads of living mattcr 
(cilia) that alternately bend and straighten (fig. 249). Among animals 
which subsist or probably subsisted in this way may be mentioned man)' 
Protozoa; Sponges; the primitive fixed Echinoderms (Cystoids, Rlastoids, 
and Crinoids); tube-dwelling Annelids; and Lamp-shells (Brachiopods), 
which have probably been derived from a primitive annelid stock. 
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COMI'ETITION FOR FOOD.— Even in Cambrian times, however, there 
must have been considerable competition for food, as evidenced by the 


-Earliest known I'l 


American Cntubna 


3onge spicules, c, u, f-, Lamp^shclls f, Doubtful organism. Cephalc 
Crustacean with bivalve shell (ostracod). l, m, Trilobitcs. Actual size it 


. lltOllURC. 

ated by Hi 


A, Foramiiiifer. 
Gastropod mollus 


presence of defensive arrangements against enemies. The Sponges, for 
instance, posse.ssed as now a skeleton of sharp spicules 
of lime or flint, which probably warded off the attacks of ui 

the early Mollu.scs, and perhaps of some of the acti%^e A aL@ 

Annelids, The ino.st primitive Echinoderms, the fixed and 
CGinmonly stalked Cy.stoids, possessed a strong defensive 1 I I I i 
armour of calcareous plates, the sedentary Annelids lived a„._c;iiiaied 
in strong tubes, and the Lamp-shells had evolved a bivalve 
calcareous or horny shell. 

Plankton.— T he surface waters of the sea no doubt contained then 
as now a great wealth of available food, a leading factor in the evolution of 
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the floating and drifting forms of life which arc cvjllecti\-cl\- known as 
PLANKTON. To this belonged the Protozoa possessed of calcareous or 
siliceous shells, the Foraminifera and Radiolaria, which swarm in modern 
seas, on the floors of which exten.sive deposits known as oozes are made 
up from their hard parts. The jellj'-fishes which no doubt then c.xistcd 
(mostl_v as stages in the life-histories of fixed Z(joph\-te.s) also belonged to 
the plankton, as did some of the early Molluscs (Cephalopods), of a kind 
now represented only by the Pearly Nautilus. Here, too, we must place 
. some at least of the curious extinct Tri- 

/ LOBtTES, a purely Palaeozoic group of: 

V / Arthropods (fig. 250), which swam about 

\ / on their backs by means of numerous pairs 

^ of forked limbs, as some of the simpler 

Crustacea did then and do still. It is also 
possible that some of the early .sea .snails 
(Gastropods) belonged to the plankton 
fauna (fig. 248, H), but thi.s is uncertain. 

Creeper.? and Burrowkrs.— C am- 
brian animals further included creeping 
and burrowing types. Among the former 
were in all probability some of the PRO- 
T020A, while the ancient Star-eishes of 
the period represented an Flchinoderm type 
that has proved very successful, no doubt 
as a result of abandoning the fixed life, 

^ persi-stence in which has led to the extinction 
of more than one branch of the phylum. 
aa. Many of the ANNELIDS wei-e errant fbrm.s 

that crawled about in search of food, 
J^\ while some burrowed in marine depo.sits, 

L B . . swallowing sand and mud for the sake 

Fig,,a 50 .~A, Under side: of .-i TriiDbite (r>v- of the Contained organic matter. Among 
burrowiiig foriTis we must also: place: the 
lip. «, Uiagramimitic eross-seuioe througii s.ime, BIVALVE MOLLUSCS, thoUgll theil* modc 

sliomns lin,b-refiioii5. 7, Projection seivmg as a ’ 

jaw; .no, and c>-,. swimming and tieepi,igbr.inclws. of life SCemS tO have beCll adopted aS a 

: : . defensive mea,sure, .since their faod: Con7 

sists of minute organisms and organic particles contained in the sea\\'ater 
and carried to their mouths by ciliary currents. The enemies against 
which they sought protection were most likely star-fi.she.Sj judging from 
the habits of existing animals of that kind. 
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CHAPTER IV 


THE EVOLUTION OF ANIMALS IN GEOLOGICAL 
TIME— ORDOVICIAN PERIOD 


Another group of invertebrates is represented in the Ordovician period 
for the first time, t.c. that of the Muss-t"OLYPKS (Polj-/.oa), which are nearl}' 
all colonial and protected by a horny or calcareous external skt'leton. 
The}.’ are perhaps distant relatives of the Lamp-shells, but suiJcrficially 
resemble some of the branching Zoophytes, though realh’ much higher 
in the scale. Their food i.s brought to them hy ciliary currents, as in .so 
many other cases of fixed animals. 

SEOKKT.A.Ry Type.s. — Within the limits afforded by the area of sur- 
faces available for attachment, and the amount of minute animals and 
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organic particles present in water, sedentary forms have occupied a pro- 
minent place in each of the successh'e faunas that have lived upon the 
earth. Reside.s the Moss-polypes just mentioned, these included in Ordo- 
vician times Lamp-shells in increasing number. Sponges, I'ube-worms, very 
many Zoophytes (including corals), an abundance of Echinoderms, and a 
few Crustacea, regarding some of which forms a few words are necessary. 

CoR.tLS.-— Among the Zooph\-tcs known as Sea-FLOWERS (Axtiiozoa) 
the corals are abundantly preserved in the stratified rocks, owing to their 
pos.session of a calcareous skeleton. They are closely related to the 
familiar sea-anemones of the shore, which, however, possess no hard parts. 
A simple coral is practically an anemone of which the under part is 
calcified; and a compound or colonial coral (fig. 251) is an aggregate of 
polypes, each resembling in .structure a small anemone. The bodies of 
these are united together by what may be termed a “ common flesh ” 
(cwmsnrc), with which is associated ,a “ common skeleton ” {ccenenc/ij'ma) 
connecting the cups belonging to the individual members. Such a colony 
arises from a single original individual or founder polype by means of 
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budding or incomplete splitting (fission), and its form is determined by 
the particular way in which that process takes place. 

Some of the compound , corals are flat encrustations, others compact 
mas.ses of various form, and others again branch in a plant-like way. The 
problem to be solved in any case is disposal of the individuals so as to 
give them a good chance of securing food. Here, as in other zoophytes, 
feeding is not entirely a matter of ciliary currents, for each polype is 
provided with numerous extensible tentacles armed with stinging cells, 
by which small Crustacea and the like are paralysed or killed, being 
afterwards drawn into the mouth. 

Coral Reefs. — The most notable corals now living are reef-builder.s, 
and, being dependent upon clear warm water, are only found within a belt 
bounded by the parallels of 30 degrees north and 
south latitude. Coral reefs also existed in Ordovician 
times, but (as throughout the Palreozoic epoch) the 
most important corals helping in their formation 
belonged to an extinct group (Tetracoralla or 
Rugosa) which did not necessarily depend on the 
same conditions of climate as the reef-builders of to- 
day. But if they did, the occurrence of coral reefs 
during the Palaeozoic epoch in our latitude could 
easily be explained, for we know that duidng the time 
covered by the geological record there have been 
extraordinary variations of climate within the same 
geographical area. (See GEOLOGY.) 

The curiously extinct group of StromatoporoiDS, 
probably related to the Plydroid Zoophytes, also in- : 
eludes reef- building forms which abounded in the 
Ordovician and two following periods. They super- 
ficially resembled some of the more compact corals. 

The Fixed Echinoderms of the Ordovician present many features of 
interest. Prominent among them are the Cystoid,s (fig. 252), which are 
first found in the Cambrian, reach their maximum in the Ordovician and 
Silurian, greatly decrease in numbers during the Devonian, and become 
extinct in the Carboniferous. They are remarkable for their great 
diversity in form, some species being flattened discs, while others are 
ovoid or spheroidal. Certain species possess no stalk, while in others this 
organ of attachment is well developed. The mouth is on the upper side, 
and converging to it there are from three to five groove.s, sometimes of 
branching nature, along w'hich food particles were doubtless conducted to 
the mouth by ciliary action. In some ca.ses at any rate the grooves were 
fringed with threadlike projections (armlets) which increased the catchment 
area for food, while in many instances these groove.s pass on to simple 
arms (two to thirteen in number) serving the same purpose. 

Skeleton of Cystoids. — The hard parts of an average Cystoid 
consist of numerous polygonal calcareous plates, not usually arranged in 
circlets or cycles. Many or some of them are perforated, though the 
meaning of this is uncertain. It may also be noticed that these animals 
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are either obvioutsly bilaterally symmetrical, or else have become more or 
less radial. This and some other facts, e.g. the bilateral nature of the 
mimite free-swimming larvae, as which existing Echinoderms usually hatch 
out, lead us to suspect that Cystoids have been derived from ancestors 
which were not fixed but crasvled or swam. The adoption 
of a fixed mode of life would gradually lead to ma.sking 
of the original bilateral .symmetr}-, and the acquisition of / r '/• | \k ® 

strong defensive armour is easily intelligible. All this, /,fe|.| %,"'l 

however, i.s at present conjectural. r Y., j 

I'ivoLU'l’ION OF .SxAl.KS. — C)'.stoids are certainly to be 
regarded as the most {.rrimitivc known Echinoderms, and 
probably represent or come near the stock from which the T 

other groups have been directly or indirectly derived. He- - 1 

fore proceeding to these other groups, a few words are I 

necessary about the evolution of stalks. Animals which 1 ? 

have abandoned the power of free locomotion and settled 253 ,_a Bbnoid 

down upon the sea floor are liable to be gradually smothered 
by the accumulation of mud or ooze, a danger which is minimized or 
obviated by the development of a stalk. In some of the simpler Cystoids 
we find the lower part of the body is elongated and gradually tapers to 
a point. From this we pass by gradual stages to cases where the body, 
now termed the " cup ’’ or “ caly.x ”, 
is borne on a flexible narrow stalk, 


-mouth 
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not attain prominence till the Ordovician, rcacii their climax in the 
Silurian, and since then have gradually declined till at the present time 
they are only scantily represented in the fauna of the deep sea. Imather- 
stars, which also belong to the group, will be mentioned in the sequel. 
There can be no doubt that Sea-lilies are of Cystoid origin, and we are 
able to trace the stages by which the}' have ari.sen. These brieil}' con.sist 
in reduction of the number of plates in the calyx, and their regular 
arrangement, enormous development of the branching arms in relation to 
feeding and breathing, and perfecting of the .stalk. The elaboration of the 
arms indicates increasing competition between various fixed forms for 
food obtainable by means of ciliary currents. Fixed animals which feed 
purely in this way find serious competitors in sedentary forms better 
equipped for the capture of small organisms, the Zoophytes, to which 
reference has already been made. 

Adoption of a Fixed Life.— I n this 
connection we may note in passing thaf 
certain members of groups which mostly 
include active forms, have taken to a fixed 
life and intensified the struggle for existence! 
which Cystoids, Blastoids, Cvinbid.s, tube- 
dwelling Worms, and so forth, are obliged to 
keep up. Among CRUSTACEA, for examjfie, 
the Barnacles, first represented in the Ordo- 
vician (or possibly even in the Canrbrian)i ■ 
have adopted a fixed mode of life and 
Mg. a55.--bjip-biiiin?OT^^^ acquired a protective shelly armour. Their 

legs have become slender tendril-like .struc- 
tures fringed with hairs, and by alternate protrusion from and withdrawal 
into the shell act as a scoop net (fig. 255). Huxley expresses this in a 
graphic manner when he compares a barnacle to a man fixed by his 
head and getting a living by kicking food into his mouth. 

Abandonment of a Fixed Life.— While Barnacles have given up: 
a free life, some members of sedentaiy groups have adopted this, as is 
well exemplified among the Echiiiodcrms — Star-fisiies (A.STEROIDS), 
for example, of which the earliest known forms date from the Cambrian, 
and which have proved an eminently successful group up to tlie present 
day. They are very likely descended from Cystoids by loss of the .stalk 
and other modifications, though such descent cannot be regarded as proved. 
The structure of a star-fish offers some very interesting points illustrating 
“ change of function ”, a most important factor in adaptation to new .sur- 
roundings. The meaning of the expression briefly is, that organs evolved 
for one purpose -may take on fresh dutie.s. 

Chang-E of Function.- — Like all Echinoderm.s, a star-fish pos.sesses 
a “ water-vascUiar system”, or set of lubes taking up seawater from the 
exterior. , The early' fixed Echinoderms undoubtedly possessed a water- 
vascular system most likely originally evolved in relation to breathing, 
ie. the taking up of free oxygen and the elimination of the waste product 
carbon dioxide,' In animals, sea-anemones, devoid of hard part.s 
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this function can be discharged by the general surface of the body, which 
readily permits the diffusion of gases. But with the acquisition of an 
ex'ternal skeleton such a method of respiration is no longer possible, and 
the evolution of special breathing organs becomes necessaty. In the 
primitive fixed Echinoderms there was a continuous flow of pure oxy- 
genated .seawater through the tubes of the water -vascular system, tlie 
blind branches of which protruded through holes at the sides of the food 
grooves as delicate ciliated tentacles. From these tiie water could gra- 
duall)' diffuse to the exterior. These tentacles also a.ssisted in the pro- 
duction of food-bringing ciliary current.s, and .served as organs of touch 
and po.s.sibly smell. 

In Slar-fi.slics and other free Echinoderms the tentacles mentioned have 
acquired the new function of locomotion, anrl the mouth is turned down- 
ward.s instead of upward.s. While the Star-fishes are first found in the 
Cambrian, the free-moving SHa-URCIIIN.S (Echinoids) are first repre- 
sented in the Ordovician, and, 
like Fahuoaoic species gener- ^ 

ally, possess more plates than /i V \ 

later types, and are of globular /Hi ' 'il ihf '/!' ( I li ' '1 

form. It has commonly been ' ’ 

held that they' are directly' 
derived from Cystoids, but 
Sollas considers them to be an 
offshoot of the Star-fi.sh class, 
basing his view on the fact 
that some ancient Star-fishes 
(Pahj^ocHsetes) possess an ar- 
rangement of ja\v.s comparable to that found among the sea-urchins. If 
this be so it is difficult to understand the advantage of the globo.se form 
of the early members of the latter group. It certainly' impedes active 
movement, and the subsequent stages of evolution have tended to replace 
it by a flattened shape. 

Free Echinoderms were not the only creeping forms that lived in 
Ordovician seas. 

CUEICPING Moixuscs. — Passing by the numerous creeping Annelids, 
some of the Molluscs deserve a word of mention. Among the most 
primitive of these now existing are the flattened, .symmetrical Coat-of-mail 
Shells (Chitons), living under stones and in crevices, and coining nearest 
the primitive type from which all Molluscs have descended (fig. 256). They 
are provided with a row of overlapping plates on the back, enabling them 
to roll up as a defensive measure. Their shells have been discovered in 
Ordovician .strata. The SNAILS (GASTROPODS) are on the increase during 
this period, and have continued to become more prosperous till the present 
day. The early' types appear to have been vegetarian iil habit. 

Pl.-VNKTON. — \Ve next turn to the partly drifting, partly swimming 
plankton fauna of Ordovician times. ■ At the present day there are large 
areas of the ocean surface which swarm with shell-bearing Protozoa, the 
Foraminifera and Radiolaria. The flinty skeletons of the latter cover 
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large tracts of the floor of the deep sea, not being .-.o easily dissolved 
as the calcareous shells of the Foraminifera. In Ordovician (and Silurian) 
strata siliceous layers (cherts) are here and there found which contain 
the remains of Radiolaria, and therefore indicate deposition in very deep 
water. They are associated with black shales containing a large propor- 
. . tion of carbonaceous matter, some of which 

H i fingers like coal, and enclosing in- 

} (I numerable remains of the extinct PahEozoic 
V I) M f Zoophytes known as Graptolites, not dis- 
^ \ tantly related to the Plydroid Zoophytes. It 

Jp ^ \-l yy „ seems probable that large areas of the Ordo- 

B vician (and Silurian) sea were covered by 

great masses of floating seaweed, as in the 
\7 Sargas.so Sea of the Atlantic at present, and 
Vv to these the Graptolites appear to have been 
a 5 ? attached. The decaying seaweed most likely 

k W \/ fui-nished the carbonaceous matter of the 

I s-^ 8 -^e black shales. 

^ The evolution of Graptolites as set forth 

V 3 by Lapworth is a very interesting story. They 

Fig 2-7 -Evolution of Graptoiitcb P^'^^bably derived from some of the fixed, 

ig. 2j 7. voutiono rap its copiously- branched Zoophvtes (Cladophora) 

S. Staila, or cup of first polype, fiom i tt ‘ ' v* , • j 

which others bud. Sec text. wliich abouiid 111 the Upper Cambrian rocks, 

though this origin is not universally admitted. 
Next came attachment to floating seaweeds with the branches directed 
downwards, these being gradually reduced in number ; an illustration of the 
reduction of series with specialization of surviving members (fig. 257). 

At last two-branched forms came into existence, both branches at first 
pointing downwards {Dicellograptus, A), and each row of cups for the polypes 
facing the other. An upward direction being more advantageous with 

reference to food, the 

^ began 

of cups necessarily 
Fig. asa.-Archinioiiusc tumed awayfromeach 

A, Side view, n, Transvei-ae section. Other. Greater Stabil- 

ity was then .securcd 

by partial fusion of the two branches, back to back {IHcranograptus, C) 
and ultimately complete fusion came about {Diplograptus, P, and Clivuico- 
•graptus). Competition between the two rows of individuals resulted in 
the diminution in size of one {Dimorphograptus, E), and ultimately to its 
entire suppression {Monograptus, f). The last kind of graptolite is only 
found in rocks of Silurian age. 

Evolution of Molluscs. — Some of the Ordovician Molluscs pre- 
sent points of considerable interest and importance. The group of Head- 


THE EVOLUTION OF ANIMALS 


19 


FOOTKD Molluscs (CefhaLOPODS), at present represented b>- the Pearly 
Nautilus and Cuttle-fishes, then included a great variety of forms related 
to the former, but the latter had not yet been evolved. The remote 
ancestors from which all Molluscs, including Cephalopocls, have been 
derived were lowly, flattened, creeping forms, defended by a simple shell, 
and of vegetarian habit (fig, 258). By means of a horny ribbon (mdula), 
•Studded with minute teeth and stretched 
over a projection on the floor of the mouth, 
they were able to scrape off minute alg;e 
encrusting rocks between tidemarks or in 
shallow water, and also to abrade the larger 
seaweeds. 

EVOLUTKJN of CkI'IIALOPODS.— The 
history of the Cephalopods, which, as the 
group is represented in the Lower Cam- 
brian, must have begun in Archman times, 
is e.ssentially one of increasingly perfect 
adaptation to a rapacious free-swimming existence. It involved the 
drawing out of the upper part of the body into a kind of oblique hump, 
and a shortening of the foot (fig. 259). In other words, the old creeping 
axis of the body was replaced by a swimming a.xis having a different 
direction. According to the usually accepted view the front part of the 
foot grew round and fused with the head, being at the same time drawn 
out into lobes provided with sticky tentacles serving to capture pre\-'. A 
powerful parrot-like beak was gradually evolved, the 
rasping organ became very powerful, and the eyes 
highly developed. The method of swimming that 
came into existence was a highly curious one, depend- 
ing upon the utilization of the currents of water used 
for breathing, and leading to backward progression. 

CephALOPOD Shell. — One of the most remark- 
able characters of all Cephalopods, except Cuttle- 
fi.shes and their allies, is the possession of an external 
chambered shell, the last compartment of which is 
occupied in the Pearlj'- Nautilus, and presumably in 
most extinct types, by the body of the animal. An 
imperfect shelly tube (traversed by a sort of cord 
united with the bod\'j maintains connection between 
the successive chambers. The very earliest Cephalo- 
pods we may suppose to have possessed a simple thimble-shaped shell, and 
if we imagine this to increa.se in length by additions to its edge, succes.sive 
cliambers might arise by slipping of the animal towards the opening, with 
formation of shelly partitions one after the other. In some such way as 
this the familiar straight type {Orthoceras), represented from Lower Cam- 
brian to Trias inclusive, must have come into existence (fig. 260). The 
chambered shell is generally believed to be a hydrostatic apparatus, help- 
ing to balance its owner in the water; and thus promoting drifting with 
currents or active .swimming. 
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Our only positive knowledjre of the contents of the clianibers of tlie 
shell is afforded by observations on the Pearly Nautilus, which is the only 
existing form possessing this arrangement, It has usually been a,ssiuned 
that, the chambers contain gas, but Verrill states that, by mean. s of certain 
pores and internal spaces which are present,". . . seawater can readily 
pass into or out from the chambers of the shell, to ecpialize pressure at 
varying depths, as in most marine Mallusca, These chambers are un- 
questionably filled with fluid under normal conditions. But living as 
the animal does under pressure at considerable depths, the fluid in the 
chambers is saturated with the gases in .solution. When the 
is rapidly brought to the .surface, some of the gas is liberated in con- 
sequence of diminished pressure, and must occupy part of the space 
within the chambers by forcing out some of the fluid. Plence the shell 
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will fltdat until the free gases within the chambers are absorbed or otherwise 
eliminated. There is no evidence that free gases are ever naturally present 
in the . . . chambers during life ” {Note by Professor Verrill in the American 
translation of von Zittel’s Textbook of Pakvontology, Vol. I, p. soH). 

The Pearly Nautilus, however, is perhap.s somewhat exceptional in 
the fact that it has taken to a creeping mode of life, and it i.s not impro- 
bable that many of the ancient Cephalopods with chambered shells drifted 
and .swam at or near the surface, feeding upon various plankton and other 
organisms. During tlie Ordovician and subsequent periods of the Paleo- 
zoic epoch we find a great variety in the form of chambered shells, many 
of them being comparatively short - lived, and apparentl}^ representing 
imsuccessful attempts to evolve an arrangement less likely to interfere 
with active nrovement than that presented by the long, straight type. 

The most succes.sful line of adaptation ultimately resulted in the 
evolution of a closely coiled spiral (fig. 261, C), and -we can recognize a 
number of intermediate stages by which this has been derived from the 
primitive' straight form (fig. 261, A, it). A survey of the facts leads to the 
conclusion that the struggle for existence in tlie sea between free forms 
was gradually becoming more inten.se, and animals that improved their 
swimming powers had a better chance of surviving; for, contrary to the 
old saying, the race is aspally to the swift and the battle to the strong. 
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BivalA'EwS. — Among other Ordovician Molluscs we find rather more 
bivalves and sea-snails than in the Cambrian, but neither group is very 
strongly represented. As already explained (p. 112), Bivalves (Lajiel- 
LIBKANCHS) represent an adaptation to the burrowing habit in the first 
instance, but even so early as Ordovician time.s some of them became 
fixed by means of a bundle of strong silky threads, the fys-w/s (as well 
■seen at the present time in the Sea-mussel). A more thorough-going 
method, evolved rather later, consisted in the attachment of one valve 
of the .she;ll to some firm object, a.s exemplified by oy-sters. 

An ordinary burrowing bivalve is bilaterally symmetrical, the right 
and left valves of the shell being mirror- 
images of each other, and there is a ten- 
dency for elongation from l^efore back- 

wards. But in the fixed forms, which lie i 

clown on the right or left valve during > 

adult life, there is a gradual recurrence to 
the rounded shape, while the two valves 
are unlike each other. The lower one 
becomes a deeply concave receptacle for 
tile body, wdiile the other one becomes 
flattened and serves as a lid (fig. 262). 

The muscular arrangements by which the shell closes also undergo 
modifications. In an ordinary bivalve thei-e are two muscles (anterior and 
Iiusterior adductors), which by their contraction pull the valves together, 
but the result of the sedentary life is to cause the anterior adductor to 
get smaller and smallei*, while the posterior one increases in size. Ulti- 
mately the former disappears altogether, and the latter shifts to about 
the middle of the rounded shell. At the same time the organ of loco- 
motion (foot) gradually dwindles and ultimately vanishes. A .sea-mussel 
anchored by byssus, and only now and tlien casting off its mooring.s to 
seek more favourable quarters, has but a very small foot, while an o}'3ter 
has none. 

Gastroeods. — It may be as well to say a little here about the 
derivation of Sea-SNAILS (GASTROPODS) from ancestors common to them 
and the Cep>halopods. We may assume a stage in which a small oblique 
hump had been acquired, with a protective thimble-shaped sliell (see fig. 
263, a). At the back was a gill cavity, containing a couple of plumc- 
like gills, and opening below just above the hind part of the foot. The 
formation of the hump was partly the result of the gathering up of the 
viscera so as to prevent them from interfering with the free action of 
the foot, thus enabling more active locomotion. The nature of the modifi- 
cations by which Cephalopod-s were derived from a creature like that 
mentioned have already been described (p. 119), but here we are con- 
cerned with the evolution not of a swimming but of an actively creeping 
type. 

This meant elongation of the foot, a change interfering with the 
passage of water into and out of the posterior gill cavity, the opening 
of which gradually shifted to the right, and ultimately moved upwards and 


Fig. 263.— Pilgrim Scallop , 
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forwards till it faced directly to the front (fig. 263, J! and c). The gill-cavity 
thus came to be placed over what we may call the neck region, and 
brought the gills in front of the heart (“ prosobranch ” condition). These 
changes involved the twisting of the hump into a .spiral covered by a 
.shell of corresponding shape. Not only was , unimpeded breathing thus 

Hump d alwit 


Head 


provided for, but the twisted hump and shell were more convenient of 
carriage than if they had remained straight. Even after the unsym- 
metrical form had been attained, both gills were kept for a time, and 
they still persist in some of the more primitive existing types, e.g. Pleiiro- 
toviaria (fig. 264) and its allies, which range from Cambrian to Recent. 
A further step in evolution consisted in the suppression of one of the 
A gills, about which more will be said elsewhere. 

■ The earlier and more important part of the suc- 

ce.ssive adaptations here briefly outlined must 
have taken place in Archman times. 

. Trilobites. — Some of the Arthropods were 

of considerable importance in the Ordovician 
fauna. The Trilobites were still in their prime, 
and no doubt contributed to the diet of such free- 
rig. 26^.-pii:,iroi(imatia swimmiug rapacious forms as Cephalopods, while 
the smaller ones were probably decimated by 
voracious star-fishes. The fact that the under sides of their bodie.s were 
unarmoured, and the absence of powerful jaws, rendered them somewhat 
defenceless, but some of them acquired the power of rolling up, this in- 
creasing their chances of survival. 

Eurypterids. — During the Ordovician period, however, rvc find a 
better equipped and distinctly aggressive group of related animals rapidly 
evolving, which ultimately usurped the place in nature so far occupied 
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by Trilobites. These were the EURypT}aiIlJS, possessing comparati\'ely 
few but powerful limbs- King-crabs (Xiphosura) and scorpion-like forms 
(iVrachnida) appear to have been derived .from the same ancestral stock. 

Crustacea.— Lower Crustacea were abundant, especially the little 
IMussel-SHRIMPS (Ostkacous), in which the body was enclosed in a 
bivalve shell (fig. 265). The_v lived together in large numbers, and either 
swam about or .shuffled over the .sea floor and over .seaweeds in the search 
for food. The Higher Crirstacea (Decapods) do not make tlieir appearance 



till much later in the geological record, but the curious MUD-SPIRI.MPS 
(Leptostraca), alread}' represented in the Cambrian (by Hyvtenocaris\ 
are somewhat more frequent in the Ordovician deposits (fig. 266), They 
are intermediate in character betw'een lower and higher Crustacea, and the 
general tendency of evolution here and in other groups of Arthropods 
consists in reduction in number of segments with specialization of those 
remaining into well-marked regions (head, thorax, and abdomen) con- 
cerned with different functions, and bearing correspondingly modified 
appendages. 


CHAPTER V 

THE EVOLUTION OF ANIMAL.S IN GEOLOGICAL 
TIME—SILURIAN PERIOD 

1 ‘he marine fauna of the .Silurian Period resembles in many way.s 
that of the Ordovician, but the relative importance of different groups 
i.s not the same. In some of the calcareous strata, notably the Wenlock 
Limestone, reef-building COR.-tl.s abound, and numerous POLYZO.A are 
a.ssociated with them. 

Graptolites are rapidly on the wane, and but few of them survive 
into the next period (Devonian). Monograptus and its allies are par- 
ticularly characteristic. Among EchinodermS the Sea-lilie.s are e.x- 
ceedingly abundant, so much so that the Silurian is sometimes termed 
the “ Age of Crinoids Towards the end of the period we find a new 
clas.s represented, that of the Britti.e-.STARS (OpiiiuROIds), which have 
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abandoned locomotion by means of tube-feet, and use their slender flexible 
"arms” as organs of progression (fig. 267). 

Lamp-shells are extremely abundant and characteristic, and attain 
their prime in this and the following period. 

TRILOBITES, though represented by a number of highly organized 
forms, are di-stinctly on the down grade, while their rivals the Eurvp- 
TERtDS are increasing in importance. In late Silurian times we find 
remains of a comparatively highly organized group of Crustacea (Amphi- 
PODS), including Sand-hoppers, and distinguished by their laterally flat- 
tened bodies, correlated with springing powers, and unstalked (.sessile) 
compound eyes. They are among the scavengers of the shore between 
tide-marks (fig. 268). 

Bivalve Molluscs, though represented by primitive types, were 
actively on the increase, and relying as they did on food brought by 


ciliary currents, began to compete seriously with the lamp-shells, over 
which the power most of them possessed of moving about gave a decided 
advantage. For this, among other reasons, we shall find that after the 
close of the Palaeozoic epoch the lamp -.shells steadily diminished in 
numbers and importance. 

Sea-snails, too, though not particularly prominent during Silurian 
times, were steadily on the increase, and as their evolution has progres.sed 
have added more and more to the competition for food among creeping 
forms. Until late Mesozoic times, however, they were mo.stly content 
with food of vegetable nature. 

The nautiloid Cephalopods with chambered shells of various shape 
attained their maximum in Silurian times, when some died out while 
others were initiated. Some of the straight types were very large, a 
length of about 8 ft. having been attained, it is said, in some cases. 

First Vertebrates.-— The most interesting feature of the marine 
fauna of the Silurian is the appearance of backboned animals (fishes 
and lower types) at the end of the period. The ancestry of the group 
is entirely obscure, for the earliest forms, if we may judge from some 
existing primitive types, e.g. the Lancclet {Amfihioxus\ possessed no hard 
parts capable of preservation. Highly speculative view.s, based on the 
facts of anatomy and development, have been from time to time brought 
forward as to their nearest ailies among the Invertebrates. A good 
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deal of stress has been laid upon the composition of the bod\’ from rin'ts 
or segments, which are very obvious in the Lancelet, but far less distinct 
in higher types. For this, among other reasons, variou-s inve.stigator.s 
have sought to establfsh relatioaship with groups so diverse as Annelids, 
Cru.stacea, .King-crabs, and Scorpions. The problem is so complex, and 
our knowledge i.s at pre.sent so incomplete, that details would be out of 
place here. 

CliARACTEliS OK VertekraTKS, — Whatever may have been their 
origin, the Vertebrates are r]istingui.shed from other types bj' the pos- 
session of gill-slits, a hollow dorsal central nervous .s>’stem, and a back- 
bone or its equivalent (fig. 269). This equivalent, alone posse.ssed in the 
Lancelet, but more tjr less .supplemented, and it may he replaced, by 
gri.stle or bone in fishes and still higher forms, is technically known as 
the notochord. It is an clastic rod, formed as a ridge-like thickening 
of the, roof of the digestive tube, running beneath the spinal cord and 
u.< 3 ually extending as far forwards ^hollow nebve tube 

as the middle of the brain. It a /xSaV- — neural tube r 

serve.s to stiffen the body with- notochord 

out rendering it unduly rigid, A ^ 

and rvas probably evolved as an ^ 

adaptation to swimming. (f )] 

The origin of GILL-SLITS can )\ 

only be explained in conjectural 

fashion. It is at least absolutely HEinr \ / ^ 

certain that the earliest Verte- . 

. I13. aeg.-Ui:igr.™iii;iticCrai!,-smionstIirougli, A, II 

brates were jawless, and it seems Vertebrate: i.. a higher Im-evtebvate 

pretty clear that their food was 

brought in currents set up by the agency of cilia lining the digestive 
tube, especially its front part. Such a method of feeding involves the 
inconvenience of swallowing an unnecessarily large quantity of w'ater, and 
any arrangement helping to obviate this would prove an advantage. 

It is supposed that in the first instance that part of the digestive 
tube {i.e. the pharynx) following the mouth-cavity became thrown into 
a series of pouches on eitiier side, thus increasing the ciliated area pro- 
ducing currents and improving the food supply. Ultimately these pouches 
acquired openings to the exterior, through which the surplirs water taken 
in at the mouth could pass away. Such openings would be gill-slits. 

Account must here be taken of another important point. It is as 
essential for an animal to breathe as feed, and breathing (getting rid of 
waste carbon dioxide and taking in of free oxygen) can take place 
wherever the blood comes near the surface. We find, as a matter of fact, 
that in animals of various kind, where water is continually being taken 
into the digestive cavity, the lining of this plays a more or less important 
part in respiration. It is clear, therefore, that the acqui.sition of gill-slits 
would be an improvement in breathing as well as in feeding arrangements. 

The notochord arises as a median dorsal fold of the dige.stive tube. 
Possibly its precursor was a groove by which food particles were directed 
backward.s, and prevented from being washed away throngrh the gill-slit.s. 
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The median position of the CENTRAL NERVOUS SYSTEM, concerned 
as it is with regulation and control, may be interpreted as acquired with 
reference to the efficient discharge of these functions. The most primitive 
nervous .systems known are in the form of a .sort of sheath surrounding 
the whole body in the deeper parts of the skin. With advancing specia- 
lization parts of this became concentrated into nerve-cords, some of which 
would naturally be longitudinal in a bilaterally symmetrical form. Given 
two or more of such cords there would be a struggle for supremacy 



A) Sicte view, intenial organs seen by tmnsparcncy. B| View from above of front end ; position of mouth 
and beginning of gut indicated by the dotted line, c, Cross-sectiun. 

between them, and in this a median cord would have a great advantage, 
for it would help to control both sides of the body. 

Ne:mertines. — There are at present in existence certain unsegmented 
marine worms, the Nemertin'es, which posse.ss a stout cord on either 
side, and (in some cases) a thinner median dorsal one (fig. 370). Increase 
ill size and complexity of the latter, with corresponding diminution of 
the others, would lead to the evolution of a central nervous system placed 
like that of Vertebrates. This and other reasons have led Hubrecht to 
advance the view that of all existing invertebrate forms Nemertine worms 
come nearest the ancestors of Vertebrates. The hollow nature of the 
brain and spinal cord is not difficult to explain. All nervous systems 
arise as thickenings in the outer layer (ectoderm) of the body-wall, and 
in Vertebrates a strip of this is folded in so as to form a tube l3ring 
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Fig. 272. — Blue Shark 

by gristly pieces, and a scraping arrangement for rasping away pieces 
of flesh from the prey. By development of a hinge joint between upper 
and lower moieties of its gristly skeleton a definite biting mouth, with 
upper and lower jaws, might conceivably come into existence. 

It has, however, been suggested that the existing mouth of Vertebrates 
has been formed by the fusion of a pair of gill-slits, and that each half 
of the lower jaw corresponds to the skeleton of a gill-arch. 

Origin of Fin.S.— T he unpaired situated in the median vertical 


beneath the surface. Considering the delicate nature of such a .,sy.stem 
when highly specialized, the advantage of withdrawal from the .surface, 
as a protective measure, is readily intelligible. 

Bone-bed. OSTRACODERMS.-^In a bone bed at the top of the Silurian 
we find the earlie.st known remains of aquatic A’ertebrates, the lowest of 
these belonging to the groups of O.STRACODERM.s, resembling Fishes in 
general form, but of distinctly lower type. They possessed neither paired 
fins nor lower jaw, the front part of the body was covered 
with shell-like armour-plating, and the hinder part with 
bony scales. There was an unsymmetrical tail fin and a 
dorsal fin in the back (fig. 271). The Ostracoderms lived 
on into the .succeeding Devonian period, before the end 
of which they became extinct. 

.Sharks.^ — The Silurian bone bed also contains scales 
and spines undoubtedly belonging to fishes of the SHARK 
Order (Elas.mobranchs). Fishes are Vertebrates of 
distinctly higher grade than Ostracoderms, pos.sessing as 
they do a biting mouth with movable lower jaw and paired 
fins, pectoral in front and pelvic behind (fig. 272). Both 
improvements would appear to have come about by natural 
selection of the fittest under stress of competition with 
Cephalopod Molluscs, which so far were the dominant marine swimmens. 
But the exact manner of origin of lower jaw and paired fins is very 
difficult, for lack of material, to fully understand. 

Origin of Lower Jaw. — As already stated, the most primitive 
Vertebrates undoubtedly fed on minute organisms and oi'ganic particles 
brought into the mouth by ciliary currents. Judging from fish-lilte 
animals of the LAMPREY CLAS.S (CvCLOSTOME.s), the first improvement 
upon this was a bell-shaped suctorial mouth with margin strengthened 
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be stated that all land snails do not belong to precisely the same 
roup. In other words, the problem has been solved independently 
than once. But there can be . no doubt that, as in other analogous 
, the area where one solution took place was the zone between tide- 
.s, where the environment regularly fluctuates between aquatic and 


There are, as a matter of fact, a nutnijcr of truly marine snails, 
si.>ine of the periwinkles (Z?T 

which partly breathe Hearty ^ 
dai/tp air by means of the 
mantle forming the roof of / 

the gill cavity. The last term / P , — X 

in this line of evolutii-ui has | f ( Q ) \ 

been the total abolition of I V J 

gills, and the conversion of \ T 

the gill cavity into an air- \, 

breathing lung by modifica- ''N \ ^ 

tion of its roof. This is what \ 

vve find in an ordinary garden Fig. !i7-t--niird«.siuii 

.snail to-day (fig. 274). It may 

readily be supposed that such an evolution as that indicated must have 
talcen many age.s to accomplish, and the fact that fully organized land 
snails existed in Silurian times points to a long antecedent period of 
gradual change. 

Land Arthropod.S. — T here can be no reasonable doubt that the 
jointed-iimbed Invertebrates (Arthropods) have directly descended from 
creatures more or less resembling some of the e.xisting .segmented worms 
(Annelids), and the origin of ^ 

aquatic Crustacea from such an 2^^' 

ancestral stock is fairly clear. ^ ^ 

But when we come to terrestrial M 3 

Arthropods in., Peripatus (Pro- <r 

totracheates), Centipedes and 4 

Millipedes (Myriapods), Insects ' 

fJnsecta), and .Scorpions and 

Spiders (Arachnids), the evolu- 

tionary stages are difficult to , " .... ^ 

realize, owing to dearth of rna- Rntish Millipedes 

terial. Myriapods, Insects, and 

Arachnids are nevertheless rc- 4. ,s, Earth snaitc-MUiipeJc (/«*« A->-ra/«v; and anteiiiiin of 

, , . „ , 11 same, both enlarged; 0, 7, HaUenod Millipede 

presented in the Silurian land muurai size and 

. fauna. ' 

i\L’RiAl'ODS. — It is very unfortunute that the archaic type Peripatus 
(.see p. 107), undoubtedly a middle term between Annelids and terrestrial 
Aifliropods, and its ancestors, have not, so far, been discovered in the 
fossil .state. But the rather more specialized MVRIAl’Oi).S occur in Silurian 
rocks, and it will be worth our while to consider the chief ways in which 
these differ from marine Annelid.s (fig. 275). 
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The development of a comparative!}^ thick horny external skeleton, 
preventing undue evaporation, and serving as a defence, is easy to under- 
stand, and so is the evolution of jointed legs from iinjointed foot stumps, 
which are clearly ill-suited for effecting rapid progression on land. 

But when we come: to breathing organa the course of evolution is more 
difficult to comprehend. Marine Annelids breathe partl}^ by mean.s of their 
thin .skin, partly by means of delicate gills, which are outgrowths of the 
body wall. Land Arthropods mostly breathe by thin-walled air-tubes 
(tracheiT) that ramify within the tissues of the body, or else by arrange- 
ments of comparable kind. The origin of these air-tubes is the point at 
is.sue. 

Supposing Annelids living between tide-marks to become gradually 
adapted to life on land, the hardening of a part of the body wall would 
render it comparatively useless for respiratory purposes, while gills would 
gradually diminish in size, being unsuited to terrestrial life, A compen- 
satory breathing surface might be formed by the passage of air into and 
out of the tubes or ducts placing glands of the skin in communication 
with the exterior. This is, at any rate, the only plausible hypothesis so 
far advanced to explain the origin of trachea;. The openings of these 
would at fii'st be scattered (as now in Peripatus), but wdth increasing 
specialization would be limited to the sides of the body, as in most 
recent land Arthropods. 

Silurian Myriapods represent a comparatively advanced stage along 
evolutionary lines of the kind described, and the process most likely began 
in Archman times. 

Insects.— 'Fhere is reason to think that Insects are descended from 
shortened Centipedes. In the latter, specialization has only taken place 
at the head -end, which is followed by a long trunk bearing numerous 
pairs of jointed legs. In Insects the body consists of three distinct regions 
— head, thorax, and abdomen— while the legs are reduced to six in number, 
all borne by the thorax. It is demonstrable, on mechanical principles, that 
six legs lend themselves admirably to climbing purposes, being advanced 
in alternate threes (two on one side, and one on the other), the three not 
for the moment in use .serving as a supporting tripod. 

Wings of Insects. — The most primitive existing insects are wing- 
less, and these are represented among Silurian forms by Spring Tails 
(Thysanuka). The majority of insects, however, possess two pairs of 
thoracic wings, and the origin of these structures has next to be con- 
sidered. It seems by no means improbable that they began as soft 
protrusions at the sides of the body suitable for breathing the damp air 
of the archaic swamps and forests. As the early insects would appear 
to have been climbers, these structures first became parachutes, and there- 
after wing.s. 

Silurian insects include winged types of the Cockroach Orhf.r 
(Orthoi'TERa), some doubtful Sand-flies (Hymenoftera), and mem- 
bers of a large-winged generalized group (Fal.I'ODICTYOPTERA), which 
has since become extinct. It may be mentioned here that a fossil insect 
{Protocimex')\is. been described from the Swedish Ordo\’ician. 
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S. — Scorpions (fig. 276), S 
ristic lantl group, though 
The typical breathing c 
, into which project a la 
book opens externally by 


A .strong indication of the 
i.s iifforcled by the many 


resemblance between Scorpion.s and King-crabs, and there are also points 
of affinity with the extinct Eurypterids and Trilobites. Scorpions are 
found in the Silurian strata, but doubt has been thrown upon their ter- 
re.strial character, the existence of lung books not having been demon- 
strated. 


CHAPTER VI 


THE EVOLUTION OF ANIMALS IN GEOLOGICAL 
TIME -DEVONIAN. CARBONIFEROUS, PERMO- 
CARBONIFEROUS. AND PERMIAN PERIODS 


DEVONIAN PERIOD 


The Devonian period is the first regarding which we have more than 
conjectural knowledge of the land and of freshwater areas (Old Red Sand- 
.stone), as well as of the sea (Devonian proper). There is obvious continuity 
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with the Silurian as regards classes, but different families and genera, some 
very distinctive, make their appearance. 

Marine Fauna. — Corals of various kind abounded, and many built 
up reefs, The remain.s of such animals are common in the limestones 
of South Devon and elsewhere. They are associated with the curiou.s 
massive Hydrozoa knowm as Stromato- 
POROIDS (fig. 277), first found in Silurian 
rocks, and dying out during the Carbon- 
iferous period. 

GraptoLITES, on the decline in Silurian 
times, are exceedingly rare in Devonian rocks, 

Fig. 277,-stromaioporoid Cystoids and Blastoids on the decline, and 

both alike became extinct during Carbon- 
iferous times. Sea-lilies were also diminishing in number, but Sea-urchins, 
Star-fishes, and Brittle Stars were becoming dominant. 

It may be said that Lamp-SHELLS (Braciiiopods) attained their 
maximum during the Silurian and Devonian periods, their subsequent 
decline being probably largely due to competition with bivalve Molluscs, 


which, though feeding like them by means of ciliary currents, possessed the 
advantage of considerable pow’ers of locomotion. 

Coming to ARTHROPODS, a very interesting point is afforded by the 
great diminution in numbers of Trilobites, and the spiny character of 
many species (fig. 278). It i.s remarkable that the members of several 
declining groups have a tendency to become spinose. Tin’s is probably 
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though why this complication should be advantageous is very difficult to 
understand. Our complete ignorance of the soft parts precludes any 
definite solution of this problem, though a suggested explanation is given 
in a later chapter (see pp. 152-3). 

Turning now to the Vertebrates, we find a large increase in the 
jawless O.STRacoder.\is (fig. 281) and the jawed Fishes. Some of the 


former present a curious re.semblance in form to Eurypterid.s, suggesting 
a .similar mode of life leading to serious competition, which helped to 
render the latter extinct. Fishes would, of course, prove still more 
dangerous rivals to ambitious Arthropod.s. Superior mentally, as w'ell as 
physically, their supremacy could not be denied. And from those remote 


in part a defensive measure, but may also be due to some innate law of 
development, the reasons for which are at present but dimly apprehended, 

One i-eason for the decline of Trilobites is undoubtedly to be found in 
the rise of the better-organized EurypteRIDS, which attained a remark- 
able development during Devonian times, some species being as much as 
6 ft. in length ffig. 279). Tnlobite.s, with their 
feeble limbs and comparatively slow move- 
ment.s, had but little chance of competing 
succcs.sfnlly w ith these larger and swifter rivals. 

Meanwhile the still more specialized CRUS- 
TACEA were, so to speak, grafhially making 
preparation to oust the Eurypterids from 
their dominant position. 

Tlie succe.ssful phylum of MOLLUSCA also 
made considerable progress in the Devonian 
period. Not only were the BIVALVES threaten- 
ing the supremacy of the Lamp-shells, but the 
Sea-snails (Gastropods) were perfecting their organization, and the 
nautiloid CephalopoDS were threatened by the first appearance of types 
with a fiat spiral .shell {Aminoiioids) destined to be exceedingly abundant 
in the Mesozoic epoch (fig. 280). The latter type is distinguished by the 
folded edges of the partitions {septa) between the chambers of the shell, 
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days to the present time fishes have perfected themselves in swimming 
and predaceous powers till now they are an exceedingly dominant group. 


Supremacy of the sea has in some sort been foreshadowed by piscine evolu- 
tion, for the most effective ships of war, especially submarines, are modelled 
on the shape characteristic of fishes. 


i Kig. sBj. — Palaso.'spon-' 
dylus (enlarged). (After 
Traqiiair.) 
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appears to be liighly irn probable. Among the Old Red Sandstone t}']3e.s 
is a curious little elongated fish {Pahmspoudylns, fig. 285), .sometimes held 
to be an ancient .specie.s of lamprey, though nio.st like])-’ it represent.s an 
extinct group of its own. 

Tkrre.STKIAL Fauna. — It need only be remarked that the Devonian 
land animals resembled those of Silurian times, but were represented by a 
greater variety of forms. 


CARBONIFEROUS I’ERIOD 


The Carboniferous .strata were deposited under conditions of the most 
various I<ind, and tlieir fossil contents give a fairly complete idea of the 
life of the period. 

Marine Fauna. — Some of the ForAMINU-eka were of great impor- 
tance as limestone buildens, especially Fusulma (fig. 2S6J), a comjrarativel)' 
large spindle-shaped type. /iS\ 

Corals abound, and many of them were reef-builders. J 

though quite unlike the forms now existing. Among the ^"“ 1 ^ 

evidence proving the existence of marine v — s. 

Annelids are the calcareous spiral invest- J 

ments of a tube-dweller (Spirorbis, fig. 387), 

Ffff. =8S.-lfu5uHna 

(X 3) so numerous as to build up a special lime- Fig. aS7,-.Spiiorijis 
stone. 

BltACiIIorODS, though numerous, were on the wane, their place being 
usurped by .Bivalve Molluscs, which .showed a corresponding increase; 
Sea-snails (G.astropod.s) were pretty common, and there were numerous 
members of the CuTTLE-EiSH and Nautilus Order (Cephalopod.s), 
some of these being decidedly rnorti specialized than their Devonian pre- 
decessors. In this we see an adaptation to the increasing competition 
of the rapidly evolving fishes. 

Two ancient .stalked groups of Echinoderm.s, Cystoids and Bl.vS- 
TOIDS, became extinct during Carboniferous times, their place being taken 
by more active types. Se-v-lilies (CuiNDiDS) were .still abundant, their 
remains playing an important part in building up some of the limestones, 
but the group wa.s beginning to decline. Of other Echinodenn forms the 
Sea-urchins i'EcillNOID,S) were remarkable for their spheroidal shape, 
and the posse.ssion of more numerous rows of plates than younger specic.s. 

I'RILOUITE.S existed during Carboniferous times in greatly diminished 
numbers, and became entircl)-’ extinct in the succeeding period (Permian). 
The larger EuR’i’PTKRiDs, which helped to supplant them, occur for the 
last time in Carboniferous rocks; but stress of competition .seems to have 
made them desert the sea, and to seek refuge in estuaries and fresh water. 

Coming now to backboned animals, we find the Ostracoderms 
had died out, but Fishes pf various kinds abounded, especially Sharks 
(EL-ASMOBRANChs), some with crushing teeth, and LuNC-FiSHES (DiP- 
'NDI).'- ■: 

Terrestrial FAUNA.—Various Millipedes (Myriapods) have been 
discovered in Carboniferous strata, and tj'pe.s apparently ancestral to the 
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Fig* 389,“13iGhfrof the Nile 

into digits, replace the paddle-like paired fins of fishes. 3. Though 
gill -slits and gills are always present in the early larval stage of life 
(tadpole), they are later supplemented or entirely replaced by pouch- 
like lungs, which grow out from the under side of the gullet. 

StegocephALA.' — All the early Amphibia belong to an extinct order 
(Stegocephala) in which the head is covered by a protective armour of 
bony plates, while the rest of the body is more or less provided with 
hard scales or plates. They resemble in many ways the fringe-finned 
fishes (Crossopterygii) that abound in Devonian rocks, and have even 


closely related CENTIPEDES, distinguished by their poison-claws and car- 
nivorous habit, have also been described. 

Insects were comparatively numerous, and included primitive win o- 
EESS TYPES (APTERA), COCKROACHES (ORTHOPTERA), MaV-FLIES 
(NeurOPTERA), and Bugs (Hemiptkra). Arachnids were ve]jre.scnted 
hot only by Scorpions and some other elongated forms, but also by the 
much more highly specialized Spiders. The evolution of the latter is 
bound up with that of their 
prey, the insects. It may, in- ) 
deed, be taken as a universal rule 
that great increase in numbers ; 
of any group means the increase 
of a possible food supply, and is 
accompanied by corresponding 
evolution of predaceous forms, / 
some of which may even belong 
to the same group. 

Several types of Carbonifer- ; 
ous Land Snails are known 
(fig. 288), as might be expected ' 
from the luxuriance of the land ' 
plants of the period. 

The most interesting and 
important characteristic of the Carbonifei’ous terrestrial fauna is the first 
appearance of land Vertebrates, in the form of Amphibia, the remains 
of which have been discovered even in the lower strata belonging to 
this period. 

Amphibia, chiefly represented in recent times by newts, salamanders, 
toads, and frogs, differ fi'om fishes in several important respects, i. When , 
unpaired fins are pre.sent they are not supported by fin-ray.s. 2. What 
we may call “land limbs”, transversely divided into regions, and split 
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lin^-erecl on to the present day in some of the African rivers. One of 
tliese surviving;' form.s, the Bichi'r {Pofyptcnts) of the Nile (fi" eSo;, pos- 
.'^e.-^ses a double swim-bladder growing out 
from the under side of the gullet and 
parti}' used for breathing. This gives a 
u.seful clue to the origin of lungs, which 
develop as pouches in the same situation. 

KVOLUTtoN (Jl’ T.ANO LliMIS-S.—It is 
mo.st unfortunate that the c.vtremities of 
the earliest Amphibia have not been pre- 
served, and we have therefore no positive 
information as to the way in which land 
limbs have evolved from paired fins. Many 
specLilatioms have been advanced regard- 
ing this, one of the most plausible being 
embodied in fig. 290. 

Several sub-orders of Stegocephala 
existed during Carboniferous time.s. The 
oldest are the Labvrinthodonts, so named on account of the compli- 
cated way in which the enamel of the conical teeth was folded inwards. 





f A 


Fig. 291:.”— A Bninchiosaiir, a . Skeleton (from upper side) restored, ii, Armour on under side (about 
naitiral size). (After Credner. ) 

In one of these fiorn the Coal Measures {Anthracosatirus) the skull was 
over half a yard in length. Another group (Buanchio.sauRIA) repre- 
sented in the Upper Carboniferous included small salamander-like creatures 



S.G., Sht'ulclor-gifclle ; r.iT., .it 

■liEc of fin: F.R., fra-rays: n., hiimmis; up., 
mtlius in u, largo rm-r.ay in A: VL., ulna. 
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with long broad tails and traces of gill -arches and gi 
Limbless snake-shaped forms (ClSTOPODA) also occur in 
boniferous, together with small lizard-shaped types (Mick 


PERMO-CARBONIFEROUS PERIOD 


Certain rocks occurring in Spitzbergen, the Ural Mount! 
Australia bridge the gap between the Carboniferous period ai 
ing Permian, and contain a marine fauna (largely consisti 
pods) of intermediate nature. 


PERMIAN PERIOD 


This is the last stage of the Palmozoic epoch, and is i 
the British area by strata of somewhat anomalous natu 
normal deposits are found elsewhere, and their fossil contei 
the history of Palaiozoic and Mesozoic life was continuous. 

Marine Fauna.— Moss- roLYPE.s (Polyzoa) were a 
Brachiopods were common. The Moliajsca of all group 
on the increase, and we notice among the Cephalopods an 
the older types with ammonitc-like forms, destined to play 
part in the life of the Mesozoic epoch. 

Among Permian PISHES we find the most specialized typo 
and Platj'sovms) beginning to exhibit some of those feature 
ultimately proved successful in the struggle for existence (fi 
mouth, instead of being far back on the under side of the het 
towards the front, a more convenient position for feeding; 
tends to become externally symmetrical, an adaptation' 
.straight ahead without steering. 

Terrestrial Fauna.— The Permian Amphibia belong 
types already mentioned, one of the largest {ArcJies;osaiirus) 1 
than i| yd. in length. 

Here, too, we meet for the first time with true I^EPTILES 
descended from an Amphibian stock, but no longer partly , 
aquatic life, for the gill-bearing tadpole stage has been elii 
the hfe-history and they are preparing to assume the domi 
held by them during the Mesozoic epoch. Of these prim 
the members of one leading order (AnomodONTIA) appear 
intermediate in character between the extinct armoured Ami 
cephala) and the lowest egg-laying Mammals (Monotremata 



CHAPTER VH 

THE H\T)LHT 10 N OF ANIMALS IN GEOLOGICAL 
TIME- --AIESOZOIC EPOCH— TRIASSIC PERIOD 

MESOZOIC EPOCH 

111 this so-cailed “A"e of Reptiles” we find a closer appruximalion 
to existing faunas than in Pateozoic times, as might be anticipated. 
Some of the Palmozoic Invertebrate types have entirely disappeared. 
Graptolites, Trilobites, and certain .stalked Echinoderms (Cystoids and 
Blastoids), while the Corals, Sea-urchins, Sea-lilie.s, Brachiopods, and 
Moilu-scs are more comple.x in structure. The same is true for Fishes, 
Amphibia, and Reptiles, while Birds and Mammals made their first 
known . appearance. Increasing competition rendered the .struggle for 
existence keener, and in all directions we find greater specialization. The 
types less .suited for competition fell out of the running, and othens took 
their place. 

TRIASSIC PERIOD 

The British rocks of Triassic age (like those of the Permian) were 
deposited under abnormal conditions, but a review of the fossils from 
other areas, especially the Alps, shows that 

there was complete continuity between 

Pala/ozoic and Mesozoic faunas. Tria.s.sic 
strata contain a mixture of the older and 
newer types, and from here onwards we B 

find forms which are intelligible by com- 
parison with existing animals. 

Marim: Fauna.— The old four-rayed t-rg, Mesozoic tamp-ihuis 

RUGOSt; Corals (TETKACURALLA) had a, Ta.ubrat«la. b. RhyneWUa. 
now died out, and were replaced by si.x- 

ra\-ed forms (HexacOKALLA) not unlike recent species. Many of them 
were reef-builders. Among HyDROZOA, the massive Stromatoporoids, 
characteristic of Silui'ian, Devonian, and Carboniferous, were replaced by 
branching, shrub-like IIYDROID ZOOPHYTES. 

Brachiopods were distinctly on the wane, the most important genera 
being TarcMratula and Rhyuchonclla (fig. 293), rvhich commenced in the 
Palaiozoic, attained a great development during the Mesozoic, and have 
lingered on, in much diminished number-s, to the present day. 

Triassic Molluscs pre.sent many features of special interest. The 
BivAI.,VES, which were gradually ousting the Brachiopod.s. included some 
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We also find representatives of the Beaked Re 1’T1LE.S (RliVNCHO- 
CEPHALa), lizard-shaped forms, of which one species (/ffr/Av'M) still exists 
on some .small islands in the Bay of Plenty, New Zealand. 
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familiar types, such as '^ing-sh&Ws {Avictda), Comb-shells {Pcctm), and 
Cockles {Cardium). Sea-SNAILS (Gastkopods) were bctjinning to become 
specialized, and mixed with the old vegetarian types we find a proportion 
of carnivorous forms, which become of increasing importance down to the 
_ present day. We may say, indeed, that though a certain 

position in the economy of nature always has existed, and 
W always will exist, for sedentary or sluggish animals, incrcas- 

ing intensity in the struggle for existence sets a premium on 
H I rapid locomotion and the carnivorous or omnivorous habit. 

The last point is very clearly illustrated by the history 
of the class including CUTTLE-FISHES and the Peally 
Nautilus (CephalOPODS). During the Palaeozoic epoch 
B'TnS those were first represented by forms with a straight, cham- 
berecl shell (Ori/ioceras), from which were evolved first 
M ffi curved and then spiral types, probably as an adaptation to 
It ir® more rapid swimming. During Triassic times we find the 

last survivors of Cephalopods with straight, external, cham- 
||d{yi berecl shells, and a great increase in those with a spiral, 
chambered shell, the partitions between the chambers being 
Fig. 294.-choin. foWcd in a Complicated manlier. These “Ammonites” played 
berEdPartofTA-isiic a leading part in the marine Mesozoic fauna, but died out 

Eebmnite. Com- i 

pare fis* 313* P* 153* cloSC. 

Cephalopods with Internal SHELLs.-~The reason 
for this is partly to. be sought in the increasing specialization of fishes, 
partly in a new Cephalopod type which now appears upon the scene. 
The problem to be solved was the modification of a clum.sy external 
shell that greatly hampered swimming. Here in the Trias we find the 
solution, which has proved eminently successful (fig. 294). The chambered 

^ shell straightened out, 

--’f,'' ' .r, size,^and by 

Fig. 595.— Lobster f 7 ps, wliich, attained a great 

development during the 
Mesozoic epoch. The guards of these extinct animals are found in vast 
numbers in rocks of this age, and are regarded by rustics as thunderbolts. 

Decapods. — Among marine Crustacea we find for the first time 
in the Trias members of the highest order (Decapods) of the class, to 
which modern lobsters, prawns, and shrimps belong, as well as the more 
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specialised crabs that made their appearance later and will be dealt with 
in due course. A crustacean of the lobster kind presents many advance.s 


\Ph\yhdo^ho 


upon more lowly types of the class (fig. 295). The two front regions of 
the body Hiead and thorax) are relatively large, intimately fused together, 


'Ausitnilian L 


rind covered bj- a strong carapace, while the powerful tail ends in a large 

fin, which by flapping up and down 

efi'ect.s very vigorous backward swim- 

ming. These arrangements arc associ- 

ated with well-developed muscles under 

In such a t\'pe, again, we find appen- 
clages of the most various kind, adapted ^ 

for different purposes. The head beats 
■Stalked compound ej'es, two pairs of 
feelers (ministering to touch, smell, and 
space perception), ;ind three pairs of 
jaws. There are eight pairs of appen- 
clages in the thora.x, ix. three pairs of 
fui)t-jaws, a pair of pinccr.s, and four 
pairs of walking legs. Taken together, 
the pincers and walking legs are ten in 
number, w hence the name of “ Deca- 
poda” (Gr. deka, ten; po 7 is, podos, a foot). 

Tria.ssic Fishes continued the line of 
evolution already described for the Per- 
mian. : Armoured forms with an unsymmetrieal tail, and the mouth on 


.'ooth and footprints (reduced). «, 
section of looth {eiilargfcd). (Afti 
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the under side of the head, were beinf^ supplanted by unarmoured types 
with a bony internal skeleton, symmetrical tails (enabling forward pro- 
gression by unsteered swimming), and anterior mouth. VVe find, in fact, 
Trias.sic fishes not unlike herrings of a primitive kind (fig. 2y6). 

During the Triassic period the LUNG-ia.Sinc.S (Di i’NOI), so far a marine 
group, appear to have deserted the sea, migrating up estuaries l(r become 



members of the freshwater fauna, exchanging the inten.se competition of 
marine life for less arduous conditions (fig. 297). 

Marine Reptiles. — A new factor in marine life, destined to be of 
considerable importance, made its appearance during Tria.ssic times, for 
Reptiles began to occupy the place filled in modern times by sea 
Mammals, such as Cetacea. Some were long- necked types (Saurop- 
TKRYGIa), not unlike lizards, and not much more than a yard long; 

others were short-necked crea- 
tures (Ichthyopterygia), of 
similar dimensioiLs. 

Terrestrial Fauna.— fwo ; 
fresh orders of INSECTS first 
appear in the Trias, i.e. BEETLES 
(COLEOPTERA), and : MEM* 
BRANE-WINGED INSECTS (HY- 
menoptera), represented by 
ants. 

All the groups of armoured 
Amppiibia (Stegocephala) 
died out in the Palaeozoic, : with 
the single exception of the Laby- 
RlNTiiODONTS (fig. 298), which are found for the last time in the Trias.sic 
rocks. One of these was the largest of its kind, and 

must have re.sembled a gigantic salamander with a head over 4 ft. in Icngtii. 

The first known fossil Reptiles, a,s we have seen, belonged to the 
Permian period, but during Triassic times the class underwent enormous 
expansion. The ancestral stock would appear to have resembled the 
extinct Amphibia just mentioned. 


EYE-.SOCKET 



TUSK 

Fig. 300.— Dioynodoii (aftor Owen) 





The Diverse-toothed Reptiles (Anomodonts), confined so far 
known to the Permian and Triassic periods, are particularly interesting 
___ because they appear to have been intermediate 

in character between the Labyrinthodonts 
® and the lowest Mammals (Monotremes)* 

® They are of most diverse kind. One {Parta- 

sauries) is not unlike a clumsy caricature of 
a dog about 9 ft. long (fig. 299). Others 
(Ti-ieriodonts) resembled 
Mammals in possessing teeth 
of markedly different kinds, 
I ■ [ others again (DiCVNO- 


DONTs) either possessed no teeth at all or a pair of tusks in the upper 
jaw (fig. 300). 

Turtles (Chp'LONIA), distinguished by' their extraordinary' carapaces, 
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were first represented in this period. We alsci find members of the 
Jkaked Reptile order (Rhynchocephala), which made its first kno^^•n 
appearance in the. Permian (cp. fig. 301). 

The Triassic rocks contain the remains of the first-discovered spccie.s 
of an exceedingly diversified order of land reptiles (Dino.s.mtria) entirely 
limited to the Mesozoic epoch. The Triassic tj’pes \\-ere the carnivoroiis 
Theropods, which walked about on their hind legs and [losscsscd Ion;; tails 
that helped to support their bodies (fig. 302). 

.Some Triassic Reptiles (Belodon, Stagoiiolepl.s) were very possibly 
ancestral to recent Crocodiles, creatures in which the internal apertures of 
the no-se (internal nare-s) are placed very far back, and communicate with 
the top of the windpipe in such a way that the mouth can be kept open 
under water without fear of suffocation. In the Triassic types these aper- 
tures were fairly far forwards (fig. 303). In fact, if we trace the history of 
the order from its first appearance to recent times we shall find increasing 
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adaptation to carnivorous life in rivers and estuaries, The prey not only 
consists of fishes and other aquatic vertebrates, but also of terrestrial 
vertebrates snapped up from the bank. Modern crocodiles often make 
comparatively large mammals their victim.s, holding them under water 
until drowned. The peculiar breathing arrangements are here particularly 
serviceable. 

Rise of Mammals. — Some fragmentary fossil.s from the younge.st 
part of the Trias are probabl)'' referable to the Mammalia, a class of 
admittedly reptilian descent. Mammals are the dominant land vertebrates 
of the Kainozoic epoch, having deposed Reptiles from the leading position 
they occupied during Mesozoic times. As their most important di.stinctive 
characters arc to be found in the structure of the soft parts, which arc in- 
capable of preserva,tion in the fossil state, the early stages of their evolution 
must remain conjectural, As in many other cases we are obliged to 
depend on a study of the hard parts, which have evolved pari passu with 
the soft structures, and enable us to make more or less plausible guesses 
as to the nature of the latter. 

Characters of M-\MMALs.' — T he most essential characters of mam- 
mals are to he found in (I) the skin, (3) the circulatory organs, and (3; the 
^Bain, ■ - ' , ' _ , 

I. Mammals alone among backboned forms possess a covering of hair, 
as contrasted with the scales of reptile.s and the feathers of birds. It is 
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!;renerall}‘ conceded that hairs must have been evolved from scales, bu!: the 
geol'in-ical record does not furnish the material, necessary for reconstruct- 
ins:^ the stages in this evolution. There can be little doubt, however, tliat 
a hairy covering gradually came into existence as a means of preventing 
the. undue e.scajre of heat from the body. 

Another even more tt’pical feature of the integument of mammals is 
to b('‘ found in the conversion of certain .skin-glands into organs for the 
.secrctiiiii of mill, destined to nourisli the 3-01111", an evolutionarv factor of 
lirinic impni lancc. Other thing.s being equal, specialized urrangemcnts for 
Iho can; of I'oimg favour the survival of the .species exhibiting them, and 
b\' reaction on fhc mental faciiltic.s help to promote the evolution of a large 

2. The circulatory organs of mammals exhibit a complete solution of 
the problem of converting an arrangement suitable for a fish into one 


adapted to the needs of a land vertebrate breathing ordinari- air. Tliree 
stages m the series are presented by a fish, a frog, and a crocodile (fig. .304). 
In a fish The gills of which breathe air dis.solved in w-ater) the heart es.sen- 
tialli c n^ists of two chainhers, an anric/e, which receives impure blood, and 
a ventricle, that pumps this to the gills fur oxi’genation. 

'I he circulator}' organs of a tadpole are similar to those of a fish. Kut 
tlie transformation of a tadpole into a frog involves the development of 
lungs tor breathing ordiiuir\' air, and the blood thus o.xygenated is returned 
directl}' to the heart. It wxaild not do for this pure blood and also the 
impure blood from the general bod}' both to enter an undivided auricle, 
and this chamber is now' partitioned into a right half and a left half which 
respectively receive the impure and pure blood. The ventricle, however, 
remains undivided, and the tw'o kinds of blood partly mix tvithin it, only 
the head t,by means of a complex mechanism) receiving a supply of pure 
blood. 

A reptile does not pass through a tadpole stage, but possesses a three- 
cliambered heart much like that of an adult frog. In crocodiles, however, 
the heart is /iv/’r-chambered, for the ventricle is divided into right and left 
moieties. But the pure and impure bloods are not kept entirely separate. 
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generally conceded that hairs must have been evolved from scales, but the 
geological record does ncjt furnish the material necessary for reconstruct- 
ing the stages in this evolution. There can be little doubt, however, that 
a hairy covering gradually came into exi.stence as a mean.s of preventing 
the undue escape of heat from the bod}^ 

Another even more typical feature of the integument of mammals i.s 
to be found in the conversion of certain .skin-glands into organs for the 
secretion of milk destined to nourish the young, an evolutionary factor of 
prime imp<jrtance. Other things being equal, specialized arrangements for 
the care of young favoiir the survival of the species exhibiting them, and 
■ by reaction on the mental faculties help to promote the evolution of a large 
and complex brain. 

2, The circulatory organs of mammals exhibit a complete solution of 
the problem of converting an arrangement suitable for a fish into one 


adapted to the needs of a land vertebrate breathing ordinary air. Three 
stages in the series are presented by a fish, a frog, and a crocodile (fig, 304). 
In a fish (the gills of which breathe air dissolved in water) the heart essen- 
tially consists of two chambers, an miricle, which receives impure blood, and 
a ventricle, that pump.s this to the gills for oxygenation. 

The circulatory organs of a tadpole are similar to those of a fish. But 
the tran.sformation of a tadpole into a frog involves the development of 
lungs for brcfithing ordinary air, and the blood thus oxygenated is returned 
directly to the heart. It would not do for this pure blood and also the 
impure blood from the general body both to enter an undivided auricle, 
and this chamber is now partitioned into a right half and a left half which 
respectively receive the impure and pure blood. The r'entricle, however, 
remains undivided, and the two kinds of blood partly mix within it, only 
the head (by means of a complex mechanism) receiving a supply of 
blood. 
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as they partially mix outside the heart. This is the result of blood passing 
from the heart into paired aortic arches, an essential feature of the fish 
type of circulation and correlated with the presence of gill-arches and gill- 
ciefts. A fish or tadpole possesses several pains of aortic arches, an adult 
frog three pairs, and a reptile at least one pair. In a crocodile the two 
members of the pair communicate at their bases. 

A mammal achieves the complete separation of pure and impure blood 
by division of the ventricle and suppression of one of the two aortic arche.s 
present in the reptilian ancestors. The one which survives curves to the 
left, and is known as the aorta. The perfecting of the mammalian circu- 
latory apparatus means that all parts of the body receive pure blood, 
which is warm, i,e. maintained at a constant temperature (about g8° F.), 
commonly higher than that of the surrounding air. This involves a more 
rapid cycle of chemical change (metabolism) in the body, leading to 
greater activity, and conferring a great advantage in the keen struggle for 
existence. Improved lespiratory organs are associated with this advance. 
The perfecting of the circulation must be regarded as the primary factor 
concerned in conferring supremacy upon mammals. 

3. During the vast period of time occupied by the evolution of mam- 
mals the brain has become relatively large and complex, in correlation 
with increasing intelligence. This line of advance, rendered possible by 
the improved circulatory and respiratory organs, and favoured by the 
habit of fostering the young, has confirmed the success of the group. 

The features of the soft parts of Mammals just briefly described are 
associated with certain modifications of the hard parts. A reduction took 
place in the number of bones making up the skull; e.g. the lower jaw was 
reduced to Hoo bones, and these accpiired a direct attachment to the hinder 
parts of the brain-case. The single knob or condyle which in reptiles 
projects from the back of the skull, and fits into a cap in the front of the 
backbone, became divided into right and left halves, and so forth. The 
•skeleton of the limbs also underwent various changes in relation to im- 
proved locomotion on a land surface, and the nature of these changes will 
be discussed in a subsequent chapter. 

We also find typical and profound changes in the dentition. The 
numerous teeth of an average reptile are simple single-fanged cones, all 
much alike {liomodont), and they are replaced from time to time by others 
throughout the whole of Vi{& {polyphyodont). Change from the reptilian to 
the mammalian condition involved: {a) reduction in number; (iJ) evolution 
of differently shaped kinds of teeth {luterodont), Pho's,Q at the back with 
more than one fang; (r) reduction in the numloer of successive sets. 

Some of the Anomodont reptiles of the Permian and Trias periods 
strikingly resemble Mammals in the structure of their hard parts, so much 
so that the scant)' and fragmentary Triassic fossils commonly referred to 
the Mammalia possibly belong to reptiles of this kind. We are at any 
rate justified in drawing the conclusion that these reptiles came very near 
the ancestral mammalian stock, and perhaps some of them were in the 
■direct line of descent. 
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CHAPTER VIII 

THE EVOLUTION OF ANIMALS IN GEOLOGICAL 
TIME—JURASSIC PERIOD 

The Junissic being the middle period of the three comprised in the 
Mesozoic epoch naturally gives the best idea of the typical animals 
belonging to that epoch. The 
stratified rocks of this period 
are e.xceedingly fos.siliferous, 
and have lieen studied in great 
detail. They v'cre the first to 
be worlced out in England, the 
cradle of geological science. It 
is a fortunate circumstance that 
some of the Upper Jurassic 
strata of Ba\’aria and Wiirtem- 
berg (lithographic stone of 
.Solenhofen, &c.) are exceed- 
ingly fine-grained and admir- 
ably adapted to the preserva- 
tion of fossil remains, while 
some of the Jurassic rocks of 
the United States have added 
greatly to our knowledge of the 
land life of the period. There 
is, however, no break in the 
succession. The Jurassic fauna is linked with that of the Palaeozoic by 
means of the organic remains of the Trias, and with that of the Kaino- 
zoic by the fossils of the Cretaceous. 
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of Rarliolaria, while 
Sponges (PoRn'ERA),both 
calcareous and siliceous, are 
common. But these pre- 
sent no points of general 
interest that need detain 









Hydroid Zoophytes 
and Jelly-fishes (Hy- 

DROZOA) are fairly well 
i-epresented, impressions of 
the latter being found in 
the fine-grained Solenhofen 
rocks, so clearly outlined 
as to be susceptible of 
accurate classification (fig. 
305). The numerous Ju- 
rassic limestones contain 
large numbers of CORALS 
(Anthozoa), many of 
wliich built up reefs and 
closely resembled the reef- 
builders of to-day, Some 
four families were her£ re- 
presented for the first time. 
Hedgehog - skinned 
Animals (Echinoderma) aboun- 
ded. The old class of Sea-LILIES 
(CrinoIDS) (fig. 306), now existing 
in greatly reduced numbers, v\'as 
dominated by such forms as Penta- 
crinus, in which the long stalk was 
five-sided, while the arms were richly 
branched, collectively presenting a 
large ciliated surface for capturing 
minute organisms and organic par- 
ticles. The curious Pear-encrin- 
ites {Apiocrinidcs) appeared for the 
first time, and were distinguished 
by the broadening out of the top 
joints of the stalk. We also note 
here how a decadent group, by 
boldly adopting a fresh way of life, 
may acquire a fresh tenure of e.x- 
istence. For we meet with the first 
Feather-stars (fig. 307), Crinoids 
which abandoned their stalks, and 
reacquired the power of moving 
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from place to place. While at the present day Sea-lilie.s are rare and 
limited to the chilly abysses of the deep sea, Feather-stars are extremely 
common in shallower water. The life-history of one of the latter is of 
singular interest, being one of the best instances known illustrating the 
“recapitulation theory”, according to which the history of an individual 
epitomizes the evolution of its group. For a feather-star, after living for 



some time as a free-swimming larva, becomes a minute sea-lily, afterwards 
abandoning its stalk. 

Brittle-stars (Ophiuroids) and Starfishes (Asteroids), now 
the dominant Echinoclenns, were well represented in the Jurassic, and among 
the latter are found representatives of the Sun-stars (So/aster, &c.) with 
a con.siderable number of arms. SEa-urchins (Echinoids) abounded, 
and presented a comparatively modern aspect. They included not only 



Fig. 309.— Jurassic Laiiip-shelU 

A, Spiriferina Walcotii. B, Terebratula fimbriata. c, Rhynchonella tetrahedra. 


radially symmetrical or “regular” forms, but also bilaterally symmetrical 
or “ irregular ” types (fig. 308), The two-sided structure of the latter is an 
adaptation to movement in one definite direction, and evidently favours 
the securing of sufficient food, hence meaning success in the struggle for 
existence, for it becomes more and more marked to the present day. 

MOSS-POLYPE.S (Polyzoa) are common as Jurassic fossils, and so are 
Lamp-shet.lS (Brachiopods). The latter were on the decline, and 
represented by comparatively few types, though numerous individuals. 



Some of the archaic Palmozoic forms were here represented for the last 
time {Spiriferina, allied to Spiriferd), but the vast majority (especially 
Terebratiila and Rhynchonelld) belonged to genera which still survive (fig. 

309)- 

The most interesting point in regard to the marine Crustacea is to 
be found in the comparative abundance of members of the highest group, 
D 


i.e. the Lobster Order (DeCAPODA), particularly well represented in the 
Solenhofen rocks. They included the first known Crabs, very dominant 
forms at the present day. The.se are characterized b}' abandonment of 
the free-swimming habit, which has involved reduction of the tail and 

Crabs, in short, have 
of them 
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group represent the climax of Crustacean evolution, being more specialized, 
and therefore higher than any of their allies. 

Molluscs (MolluSCA) of all kinds abound in the Jurassic strata, and 
some of them play no unimportant part in building up limestones (fig. 31 1). 
Several families of BIVALVES (LamelUBRANCHIA) and many genera ap- 
peared for the first time. Some of these, e.g. Venus, Tellina, and Cyrena, 
become of increasing importance down to the present day; but throughout 
the whole of the Mesozoic epoch the competition of the Brachiopod.s was 



Fig* 3H. — Jurassic Molluscs 

A, Ostrea deltoiclea. is, Grypliaja iiicurva. c, Gryphasa dilatata. v, Trigonia cluvcUaUi. e, Ncrirni 


still formidable. Certain boring forms, such as Pholas and Teredo (the 
“ship worm”), made their first undoubted appearance, though possibly 
taking origin as far back as Carboniferous times. Among fixed bivalves 
oysters and their allies were represented by a profusion of species and 
a great wealth of individuals. Some are very characteristic of certain 
horizons. Among free bivalves the three-cornered Trigonia, a new genus, 
is extremely typical, and its numerous well-marked species greatly aid the 
task of establishing the smaller subdivisions of the Jurassic strata. It is 
interesting to notice that Trigonia is still represented by dwarfed species 
in Australian seas, this being one among many instances illustrating the 
archaic nature of the Australian fauna. 
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Ska Snails (Gastropods) were common, and we note the incoming 
■of several families which occupy a prominent position in the marine life 
•of to-day, such as those of which the pelican’s-foot shell {Aporrhais), the 
stromb-shells {S trombus), the spindle-shells (Fztsus), the cowries {Cyprcod), 
and the bubble-shells {Bulla) are familiar types. Of families limited to 
Mesozoic times that including Nerinea is perhaps the most important. 

Several interesting features are presented by the members of the highest 
group of Molluscs (CephaloPODS). Forms allied to Nautilus (nautiloids) 



I'ig. 312.— Structure of Amraoiiitcs 


A, Ammouitcs Jason, to show rostrum. D, Ammonite in section, to show siphunclo (after Muniei-Chalmas). 
c, P.att of worn Ammonite, showing folded edges of the septa. D, Aptychus closing mouth of shell (after Owen), 

E, Aimptyohus of Amaltheus spinatus (after von Zittel), 

were greatly on the decline, and those which existed were closely rolled 
spirals, Ammonites, on the other hand, attained their maximum, and 
included a large variety of species (fig. 312). Three interesting structural 
features require merition, as they appear to be related to the mode of life. 
One is the drawing out of the back edge of the mouth of the shell into 
a beak or rostrum, possibly as a protective measure. It is preci.sely in 
this region that the /«;««<?/ of Nautilus is situated, an organ consisting 
of two muscular flaps rolled together, and serving to forcibly expel water 
from the gill cavity, thus enabling the animal to swim backwards. The 
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possession of a rostrum ' by Ammonites suggests that the funnel had 
dwindled in size, with corresponding diminution of swimming powers. 

The second characteristic feature consists in the elaborate folding- of 
the edges of the partitions (septa) which bound the succe.ssive chambers 
of the shell. In the third place, we find that the shelly tube, or siphuncle, 
which places these chambers in communication, and contains a cord-lihe 
prolongation of the animal’s body, is smaller than in nautiloids, and not 
central, but .shifted towards the convex outer side of the shell. It would 
appear that the use of the siphuncle is to regulate the contents of the 
chambers, which collectively serve as a hydrostatic apparatus, and the 
reduction of this organ in Ammonites may be supposed to indicate less 
efficient swimming. “These facts and the gregarious littoral habits of 
Ammonoids show that they probably crawled 
along the bottom with their shells carried 
above them, very rarely swimming. Their 
shells are also less bulky in proportion than 
those of Nautiloids, and correspondingly less 
buoyant. All these observations justify the 
hj’pothesis that the progressive complication 
of Ammonoid sutures [i.e. edges of the septa] 
took place because of their utility in helping 
to carry and balance the shell above the ex- 
tended parts when the animal was crawling’’ 

(von Zittcl’s Textbook of Palmontology, Eng- 
lish edition, Vol. I, p. 544). 

If we accept the plausible hypothesis that 
Ammonites had abandoned a swimming life 
for a crawling one, a reason for such a change 
of habit must be sought. This may well be 
found in the keen competition for food offered 
by swifter and better-armed swimmers, i.e. 
belemnites, cuttle-fishes, bony fishes, and marine reptiles. As these were 
not only rivals in the pursuit of animal food, but also active enemies, 
protective measures became necessary. Such were afforded by the stronger 
shell with its sharp rostrum, and also by a ph.te or operculum for closing 
the opening of the living chamber after retraction of its occupant. This 
plate was either horny and in one piece (anaptyclms) or calcareous and 
double (aptychus). 

Turning now to Cephalopods with internal shells, we find that belem- 
nites, already present in the Triassic strata, attained their climax (fig. 313), 
while true cuttle-fishes made their first appearance. The shells of the 
latter are far less clumsy than those of belemnites, and adapted to more 
rapid swimming. Both groups possessed an ink-bag, the contents of 
which were ejected into the surrounding water when attacks were made 
or threatened by predaceous fishes and reptiles. It may be noted that 
some of the species of ammonites and belemnites have a restricted vertical 
range, ie. were comparatively short-lived, and afford a valuable means of 
establishing small subdivi.sions (zones) of the Mesozoic strata. 



1 and a, Restorations, a, d, c, Inter 
shell. Funnel 1 1, Sliort arms, k 
L ong urius. N, Ink-bag. 3t Siicil. 
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Among marine Jurassic fishes we find for the first time Sharks and 
Ravs (Elasmobranchs) of modern kind. The latter are flattened from 
above downwards as an adaptation to lurking on the sea floor in wait for 
prey, and the pectoral fins are greatly enlarged as swimming organs. The 
Jurassic types {Squatina and Rhinobattis), which persist to the present da)' 
(fig- 314)) exhibited the beginning of this kind of specialization, and may 
be regarded as ancestral rays. 

Fringe-finned Fishes (Crossopterygii) were markedly on the de- 
cline, but were represented by marine species, while at the present day their 
last descendants {Polypterns and Calainoichtkys) survive in some of the 
African rivers. Ray-FINNED Fishes 
(Actinopterygii), on the other 
hand, were more numerous, and some 
of them were acquiring those di.stinc- 
tive feature.s — i.e. loss of armour, 
ossified internal skeleton, and sym- 
metrical tails — which have led tc 
success in marine life (fig. 315). The 
more primitive groups of this ordei 
included primeval sturgeons {Chon- 
drosteus, &c.) and a very dominant Ju- 
rassic type represented by armoured 
forms {Lepidotus, Dapeditis, Mesodon, 
Etignathus), and also by species with 
thin overlapping scales. Some of 
the latter {Pachyconnus, &c.) were 
over a yard long, and “as completely 
adapted for a predaceous life in the 
I open sea as the modern sword- 
fishes” (Smith Woodward, Verte- 
brate Palaontology, p. 109), v'hile 
others {Megabirus) only cliflbred in 
detail from the bow-fin {Amid) now 
living in North American lakes. A 
Fig. 3i4.-Kiiinobatus related armoured group beginning 

in the Jurassic (Aspidorhynchus, &c.) 
is now solely represented by the bony pike {Lepidosteus) of the same lakes. 

Tlie ray-finned fishes so far mentioned, together with the fringe-finned 
types, are popularly termed “ Ganoids ”, while the rest of the ray-fins are 
similarly named “Teleosts”, which include such recent forms as herring, 
perch, and cod, and are distinguished by a high degree of adaptation to 
rapid swimming. The features which promote this are: (a) shape of bod)' 
re.sembling a rounded wedge; (/>) flexible overlapping scales and slimy skin, 
which reduce friction and make lateral undulations easy; {c) well ossified 
internal skeletons, affording a firm support to the body, and furnishing 
strong points of attachment for .swimming muscles; {d) externally .sym- 
metrical (homocercal) tail-fin, serving as a propeller and enabling straight- 
ahead swimming without steering. Herring-like types of tlie kind began 
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to appear ill the Upper Trias, and became more numerous in Jurassic 
times (^Lepiolepis, Thrissops, &c.). 

Turning- now to Jurassic marine Reptiles, we find (fig. 316) the large 
swan-necked Plesiosaurus (up to r6 ft. long or more) and its gigantic 



Fig. 315. — Jurassic Fishes 

A, Dapedius. b, Megaluriis. c, Aspidorhyncliits. d, Leptolepis. 


short -necked ally Pliosaurus, together with the porpoise -shaped Ichthyo- 
sauriLS, some species of which were over 32 ft. long (fig. 317). In all these 
types the fore and hind limbs were powerful paddles. Several structural 
features of Ichthyosaurus are of special interest. The long crocodile-like 
jaws, with their strong, pointed teeth, indicate a predaceous mode of life, 
and the large eyes, supported by bony plates, point to a nocturnal habit. 
A row of un]iaired fins on the back, unsupported by hard structures, 
helped to balance the body, and there was a powerful vertical tail fin as 
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a propeller. The lower lobe of this fin was larger than the upper, enabling 
the animal to move obliquely upwards to the surface by unsteered swim- 
ming. This arrangement had reference to air-breathing. Ichthyosaurs 
no doubt sprang from a terrestrial stock, and resemble the extinct 


Fir. 316.— Rwloration of Plesiosaurus. (From Sir E. Ray I ,anl!ester.) 

armoured Amphibia (Stegocephala) in the structure of their teeth and 
backbone, which suggest a clue to their descent. 

Toothless Reptiles (Chelonia) were fairly common in Jurassic 
times, and some of them appear to have been marine. Most of the 
Jurassic CROCODILES were entirely aquatic, and some of them {Teleo- 
saurus, &c.) were purely marine. The internal openings of the nose were 
farther back than in Triassic types (fig. 318). 


on of Fish-Lizard {IchtkyosanrHs\ much reduced (after Praas). 

Fauna (fig. 319).— Some of the fresh- 

Jurassic strata are crowded with little MusSEL-SI-IRIMPS (OstrA- 

CODA) enclosed in bivalve shells {Cypridea, &c.). The SLATERS (ISOPODS) 
were represented by forms {Archesomsaid), which may perhaps be described 
water wood-lice, and the Ten-LEGGED CRUSTACEA (DECAPODS) included 
crayfishes. ... 

"“''"‘•ifully preserved Dragon-flies (Odonata) are found in the 
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Solenhofen stone {Petalia, Aeschna, &c.), and there is no reason to doubt 
that they hatched out as larvre living in fresh water. 

Molluscs were represented by freshwater mussels {Utiio) and other 
bivalves (Cyrena), river-snails {Pahidind), and air-breathing pond-snails 
(FJij’sa, Limnmts, Plauorbis), these latter appearing for the first time. 
Certain Jurassic FlSHES lived in the waters of the land. The\’ included 



Fig. 318.— Under side of the skull of a Jurassic Crocodile {Pehisrosaurus). N, Xmcrnal naves. 


lung-fishes Ganoids” (species of Megaliirus and Aspidorhync/ius), 

and some of the forerunners of the “ Teleosts ”. Lung-fishes were driven 
from the sea by pressure of competition during the Triassic period, and 
the Ganoids w^ere clearlj' beginning to take refuge in estuaries, rivers, and 
lakes during Jurassic times. 

Jurassic REPTILES appear to have included freshwater tortoises, and 
some small broad-nosed freshwater crocodiles appeared at the end of the 



period. " It has been suggested that the appearance of the broad-nosed 
genera in the Purbeck [late Jurassic] and Wealden [early Cretaceous] is 
correlated wdth the incoming of warm-blooded prey, whether mammalian 
or avian. It is, at any rate, curious that dwarf crocodiles of this Icincl 
{'Pheriosuchus, Nannosuchus) are associated with the remains of diminutive 
mammals in a stratum of the Purbeck beds near Swanage” (Smith 
Woodward, Vertebrate Pal(Bontology, p. 21S). 
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-Photograph of the thigh-bone of the great * 


the Jurassi' 


I Sir 12. Ray Lankester.) 


Land Fauna.— Scorpions and Spiders (Arachnids) and their 
allies, as well as CENTIPEDES and MILLIPEDES (MYRIAPODS), undoubtedly 
figured in the land life of Jui'assic times, but their remains ai‘e extremely 
scanty. Of INSECTS, Flies (Diptera), the most highly specialized mem- 
bers of the class, appeared for the first time, and all the other orders were 
represented, except the moths and butterflies (Lepidoptera). Land- 
SNAiLS (Gastropods) existed,: but their shells are not abundant. 

The dominant Jurassic land animals were RlCPTlLiiS, nearly all of these 
belonging to extinct orders, and many of huge .size. Of Beaked Rep- 
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TILES (RhvnchoCEPHALA), we find small forms {Homaosaurus) closely 
resembling the existing Tuatara {Hatterui) of New Zealand. Some frag- 
mentary remains {Macellodiis) from the uppermost Jurassic strata are doubt- 
fully referred to the order of LIZARDS (Lacertilia). Most important, how- 
ever, are the DINOSAURS, which first appeared in Triassic times. Of the.se 
Sir E. Ra}? Lankester says : “ They are a varied group, and mostly were of 
great size. They .seem to have occupied in many ways the same sort of 
place on the earth’s surface which was filled at a later period by the great 
mammals, such as elephants, rhinocei'oses, giraffes, giant kangaroos, &c. 
Preying on the vegetable-feeding kinds there were huge carnivorous dino- 
saurs, representing the lions and tigers of to-day. Yet the mammals I 
have mentioned are in no way descended from these great reptiles. They 


came from another stock, and only superseded them on the face of the 
earth by a slow process of development, in which the great reptiles dis- 
appeared and the great mammals gradually appeared and took their place” 
{Extinct Animals, pp. 192-4). The order is subdivided into three groups, 
the first of which is represented in the Triassic .strata, while the species 
belonging to the other two first appear in the Jurassic period. These 
groups are; i. Beast-footed Dinosaurs (Theropods); 2, Reptile-footed 
Dinosaurs (Sauropods) ; 3, Bird-footed Dinosaurs (Ornithopods). 

Beast-footed Dinosaurs (Theropods) were predaceous forms with 
sharp-edged teeth contained in sockets. Their fore limbs were .short, and 
they walked about on the ends of their elongated toes. One formidable 
J urassic type {Megalosanrus) had its head raised about 9 ft. from the ground 
when the bipedal position was assumed, another larger form {Ceralosaurus') 
had an unpaired horn on its nose, and one small kind {Hallopns) seems to 
have progressed by leaps like a kangaroo. 

Reptile-footed Dinosaurs (Sauropods) were strongly built her- 
Divorous forms which walked on all-fours, resting on the palms of the 
bands and soles of the feet. Some of them were larger than any other 
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known land animals, the biggest being an American form {Atlantosmirus) 
that possessed thighbones 6 ft. long, as compared with 4 ft. for the largest 
elephants (fig. 320). Somewhat smaller American types {Brontosaurus 
and Diplodocus) were over 60 ft. long, and they possibly prowled about 
in e-stuaries and shallow seas with most of the body submerged (fig. 321). 

Bird-footed Dinosaurs (Ornithopods) were vegetarian forms of 
vaiying size. Some of the Jurassic types {Laosaurus) were bipedal, while 
others pi-ogressed on all -fours. The most remarkable of the.se were 
armoured, one well-known x\merican form {Stegosaurus), about 29 ft. long, 
bcai'ing a series of large plates and spines along the middle of its back 
(fig. 322). 

During Jurassic times Reptiles, already dominant in the sea and on 


land, also assumed the sovereignty of the air. We find, in fact, an order 
of Flying Reptiles (Ornithosaurs) with well-developed membranous 
wings stretched between the limbs and the sides of the body, their outer 
edges being supported by the greatly elongated little fingers (fig. 323), 
Other membranes extended between the hind limbs and tail. One typical 
long-tailed form {Ramphorkynckus) had a spread of wing of about 28 in., 
and there were also smaller short-tailed forms (Pterodactyles). As the 
wings are completely developed in the oldest known flying reptiles, we 
can only guess at the way in which they have ari.sen. There are certain 
recent Lizards in which the skin is drawn out at the sides of the body into 
folds employed as parachutes to aid descent from branch to branch of a 
tree or from a tree to the ground. This suggests that the wings of the 
flying reptiles were evolved from similar folds. 

The reptiles just mentioned became extinct by the end of the Mesozoic 
epoch, but the dominant flying backboned forms of to-day, i.e. Bird.s, are 
first known from the Jurassic period, though no doubt they existed pre- 
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viously. Only one type (Archceop- 
teryx) has so far been discovered, a 
bird about the size of a rook, beauti- 
fully preserved in the lithographic 
stone of Solenhofen (fig. 324). This 
bears unequivocal marks of reptilian 
descent in its long tail, conical teeth, 
and three claw-bearingdigits of the fore 
limb. But its general build, feathers, 
and wings prove it to be a bird. There 
is no reason to doubt that it was a 
hot-blooded animal, w’ith a four-cham- 
bered heart in which the pure and 
impure blood were kept separate, a 
single aortic arch (turning to the 7 ‘ight, 
not to the left as in Mammals), and 
improved breathing organs. Its brain 
was also much larger than that of the 
contemporary flying reptiles. These, 
indeed, proved quite unable to contest 
the sovereignty of the air with birds 
and bats. The reptilian stock which 
gave origin to birds probably included 
climbing forms, possibly relatives of 
tlie bipedal Tria.ssic Dinosauns, which 
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first acquired parachutes and then wings. These, however, are quite unlike 
the membranous wings of flying reptiles and bats, their essential parts 
being quill feathers attached to the fore limbs, in which the digits are 
reduced to three, and a good deal of fusion has taken place, so that a 
firm support to the feathers is constituted. 

Mammals, indicated by unsatisfactory fragments in Triassic roclcs, are 
represented by a number of small forms that existed during various stages 
of the Jurassic period ffig. 325). Taking recent members of the class as a 



A, Part of upper jaw of Allodun. n, Temporary gmiding teeth of existing Duck-mole {Orniikorhynchnsi 
for comparison, c, Lower jaw of Phaacolotherium. d. Lower jaw of Dicrocynotlon. 

basis, three subdivisions may be recognized: i, Egg-laying Mammals (Proto- 
theria); 2, Pouched Mammals (Metatheria); 3, Higher Mammals (Eutheria). 

Egg-laying Mammals (Prototheria) are now only represented by 
the Spiny Ant-eaters {Echidna arid Proechidna) and Duck-mole {Ornitho- 
rhynchus) of the Australian region. The former are toothless, while the 
latter possesses horny plates in the adult condition, replacing minute teeth 
with crowns bearing small tubercles. Some of the Jurassic strata contain 
the lower jaws of very small Mammals {Plagiatdax^ Allodon, &c.) with 
teeth resembling in character the transient ones of the Duck-mole, and 
indicating a close affinity (fig. 325, A, B). 

Other small jaws of Jurassic date {Phascolotheriiim, Dicrocynodon, &c., 
fig' 325 j C, d) appear to belong to POUCHED Mammals (Metatiierta). 
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These early Mammalian remains give but an unsatisfactory idea of the 
first stages in the evolution of the class, which perhaps took place on a 
southern continent now for the most part submerged, but partly repre- 
sented by island fragments with, possibly, the Antarctic land mass. It 
may be that, in course of time, these areas will furnish materials for 
working out in more or less detail the first stages in the development of 
Mammals from a primeval reptilian stock. 


CHAPTER IX 

THE EVOLUTION OF ANIMALS IN GEOLOGICAL 
time:— CRETACEOUS PERIOD 

In the preceding chapters a brief account has been given of the rise of 
all the great classes of animals possessing parts susceptible of preservation 
in the fossil state, and of many subdivisions of those classes. A large num- 
ber of dominant Meso- 
zoic groups died out in 
the Cretaceous period, 
while others appeared 
that onlj^ attained their 
full development in the 
succeeding Kainozoic 
epoch. There is, how- 
ever, a great lack of the 
material necessary to 
fully trace the history 
of many groups which 
then became predomi- 
nant, and this is par- 
ticularly true for land 
vertebrates. 

Marine Fauna.— 

The thick masses of chalk which make up a considerable part of the 
U pper Cretaceous over a large area essentially consist of a soft pure lime- 
stone, v^ery largely composed of the .shells of Foraminifera closely 
resembling those which abound in the calcareous mud (foraminiferal ooze) 
that covers so large a portion of the floor of existing oceans (fig. 326). 
Such remains are more or less common all through Cretaceous I'ocks, and 
many of the grains which in some areas compose the Upper Greensand 
that lies beneath the chalk are internal casts in a green siliceous mineral 
(glauconite) of the shells of Foraminifera. The siliceous skeletons of 
RadIOLARIA are also fairly common in strata of this period. 

Sponge, S both calcareous and siliceous were very comrr 
it is noteworthy that the latter play an important part in 
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flint nodules which are so marked a feature of the Upper Chalk. Corals 
related to the HVDROID ZOOPHYTES (HydrOZOA) made their first appear- 
ance in the Upper Cretaceous. Six-RAYED CORAL.S (Hexacoralla) 
were well represented, and many of them built up reefs. Light-RAYEI) 
Corals (Octocoralla) were also not uncommon, and .some of them be- 
longed to well-known 
recent types, as sun- 
coral {Heliopera) and 
red coral {Corallinm). 

Sea-lilie.s(Crin- 
OIDS) were still on the 
decline. One peculiar 
stalkles.s species (ylfnr- 
sttpites) resemble.s a 
fircone in appearance 
(fig. 328). Theclo.sely 
related Feather - 
STAILS were on the 
increase. .Brittle - 
STAR.S (OpHIUROIDS) 
and ordinary Star- 
r'TSHE.S (Asterohls) 
were both increa.sing 
in importance, though 
scarcely abundant. Sea-URCIIINS (EchiN0ID.S), both regular and irregular, 
formed a marked feature of the Cretaceous marine fauna (fig. 329). 

Moss-polypes (Polyzoa) are extremely numerous in some Cretaceous 
strata, especially in the Upper Chalk; but Lamp-SHELLS (Brachiopods) 
were important for the last time, and clearly succumbing to the competition 
of bivalve molluscs and certain other forms. 

Crustaceans .require no special mention, 
The chief point to notice is the inci-eased im- 
portance of the higher forms (Decapoda), both 
lobster- and prawn-like types, and their short- 
tailed relatives the Crabs. 

Bivalve Molluscs (Lamellibranchia) 
were very numerous and of increasing domi- 
nance. Several new families made their first 
appearance, including those represented by the 
scaly oysters [Chamd), razor-shells {Soleii), and 
stone-borers {Saxicavd). There were also some 
extraordinary forms, peculiar to the Cretaceous, 
with the two valves of very unequal size. Of 
these the horsetail shell {Hippurites) may be taken as an example (fig. 
330). Here there is a pointed lower valve drawn out into a long cone, 
with a concavity above, which contained the soft body of the animal. 
The upper valve forms a kind of lid. I’hese v^alves are really right and 
left, though it is not possible to say which is which. These peculiarities 



Fig. 328.— Cup of Marsupites 
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had reference to the soft calcareous mud in which the 
creatures lived, the lower valve serving as a sort of stalk, 
and preventing the mollusc from being smothered. 

Sea-snails (Gastropods) were particularly abun- 
dant, and began to assume a modern , aspect. Some of 
the older families made their last appearance those 
represented by Enoviphalus, Ptirpiirina, and Nermea), 
while quite a number of carnivorous types, with the 
mouth of the shell notched or drawn out into a tube 
{siphon), are met with for the, first tirne. Such are the 
families represented by helmet-shells {Cassis), tritons 
{Tritonia), whelks {Nassa), pear-shells {Pyriila), murices 
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{Murex), purple-shells {Lysis), volutes {Volutilithes), olives {Oliva), cross- 
rib shells {Caticellarid), side-slit shells {Pleurotoma), and cones {Conns). 
At the present day the floating life of the sea {plankton) partly consists 
of shoals of little wing-footed snails (Pteropods), often popularly termed 
" sea butterflies ”, and in many species possessed of transparent glassy 
shells of various shape. Swimming is effected by means of two muscular 
wing-like flaps. These highly specialized forms, derived from various 
groups of sea-snails more or less unrolled, so as to bring the gill behind 
the heart {Opisthobranch, i.e. " hind-gilled ”), are first met with in Cretaceous 
strata (fig. 331). 

Extremely interesting are the 
members of the last group of Molluscs 
(Cephalopods). Nautilus-like form.s 
still persisted in diminished numbers, 
and Ammonites appeared for the last 
time. Some of the.se la.st are more or 
less unrolled {Scaphites, Ancyloceras, 
Uarnites), and even become perfectlj^ 
straight {Bamlites), thus reversing the 
original stages by which the straight, 
chambered shell pas.secl into a closely 
rolled spiral (fig. 332). In one type 
{Turrilitcs) the shell has become a 
screw-like spiral, as in many sea-snails, 
There was also a tendency to the pro- 
duction of spines and excessive orna- 
ment, as in many decadent groups. 

Belemnites still existed, but in greatly 
diminished numbers. Though very 
rare, they are even found in the early 
Tertiary strata. Partly correlated with 
the wane of other Cephalopods, we find 
orimestTne "e” heart in”pe”S^ cuttle-fishes proper on the increase. 

Fishes continued to evolve during 
Cretaceous times on the lines already 
described, and towards the end of the period present a comparatively 
modern appearance. Sharks and Rays (Elasmobranchs) closely allied 
to those now living came into existence, but Ganoids greatly diminished 
in number, while Teleosts increased proportionately. One genus {Diplo- 
differed but little from that to which the herring belongs, while 
eels and sea perch {Hopldpte^yx) were both represented (fig. 333). 

Among Reptiles, Plesiosaurs {CitnoHosaurns), Pliosaurs {Polypty- 
chodon), and Ichthyosaurs {Ichthyosaurus) were the last representatives of 
their kind. On the other hand, CretaceQu.s rocks contain the remains of 
marine reptiles belonging to two groups peculiar to this period. The more 
remarkable of these (PythonomoRPHS) .seem to have taken the place 
of the older marine reptiles, and were widely distributed, their remains 
having been found in Europe, both Americas, and New Zealand. 'I'he 
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the period. Some from the Upper Cretaceous belong 
to the same genus {Chelone) as the well-known Edible 
Turtle of recent seas, and one Italian species {Proto- 
sphargis veronensis), with a shell 9 ft. long, closely 
resembled existing Leathery Turtles {Sphargis). A 
similar gigantic form has been found in the American 
Cretaceous. The archaic Beaked Reptiles (Rhyn- 
CHOCEPHALA) existed as large aquatic forms {CJiantp- 
sosaurus). 

Freshwater and E.st,uarine Fauna.-— Minute 
Mussel-shrimps (OstracoDS) were abundantly re- 
presented {Cypridea), and among the Ten-LEGGED 
Crustacea (Decapods) we find crayfishes, some of 
which belong to the same genus {Asiacus) as the com- 
mon British species of to-day. 

Bivalve Mollu.scs (Lamellip.ranchia) were 
common, and included freshwater mussels {Unio) and 
other types {Cyrena, Cyclas). Cyclas, a familiar little 
bivalve in recent times, first appeared in the Upper 
Ci'etaceou.s. 

Freshwater Snails (Gastropods) were repre- 
sented by some of the same genera {Liimusa, Plan- 
orhis^ Palndind) as those characteristic of Jurassic 
times, and also by members of new fiimilies, One of 
the.se (represented by Bythinia and Hydrobid) con- 
tains only lung-bearing forms, but the apple-snails 
{Ainpullarid), that live in fresh or brackish water, are 
also represented. These are remarkable in possessing 
both a gill and a lung cavity, so can breathe either 
air dissolved in water or ordinary air. 

The Reptiles included freshwater tortoises, and 
there are some fragmentary remains in the Lower 
Cretaceous (and uppermost Jurassic) that have been 
referred to crocodiles of modern tj'pe. If this con- 
jecture be correct, the internal openings of the nose 
were very far back (cp. p. 144). 

■ Land Fauna.— Millipedes (Myriapods) were 
represented {Julopsis cretaced) and some Insects 
have been found, but the nature of the strata is un- 
favourable to the preservation of such remains. 

Land Snails (Gastropods) were sparsely present 
{Megaspira, Glanditia, Lychnns), but the last remark 
applies to these also. 

A newt-like form {Hykeobatrachus), probably with 
persistent gills, has been discovered in the Lower 
oldest known example of Amphibia 
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We also find the last Flying Reptiles (Ornithosaurs). One tooth- 
less American type {Pteranodon) was of gigantic size, its spread of wing 
being about iS ft. (fig. 337). These remarkable groups of Mesozoic 
Reptiles .seemed unable to compete with the warm-blooded Birds and 
Mammals, and the small size of their brains seems to have had much to do 
with their want of success. Speaking of one group. Sir E. Ray Lankester 
says ; — 

“A curious fact 
about these great 
Dinosaurs i.s that 
the)' had, as com- 
pared with big 
living reptiles 
such as the croco- 
dile.s, very tiny brains. 

... In some the head 
itself was ridiculously 
small according to our 
notions of customary 
proportion, and even in 
others, such as Tricera- 
tops, where the bony 
and muscular parts of 
the head were big, as in 
the rhinoceros, yet the 
brain was incredibly 
small. It could have 
been passed all along 
the spinal canal in which 
the spinal cord lies, and 
was in proportion to 
bulk of body a tenth 
the size of that of a cro- 
codile. Very probably 
this small size of the 
brain of great extinct 
animals has to do with 
the fact of their ceasing 
to exist. Animals with bigger and ever-increasing brains outdid them in 
the struggle for existence” {Extinct Animals, pp. 208-9). 

Birds are scantily represented in the Cretaceous strata, but some 
extremely interesting American forms are known. One of these {tlesper- 
oriiis) belonged to the same order as existing RUNNING Birds (Ratuve). 
It was a large diver, about 3 ft. high when standing, with greatly reduced 
wings, and swimming feet (fig. 33S). Both jaws were provided with conical 
teeth, situated in grooves, but the front part of the upper jaw was sheathed 
with horn. Another type {IcIithyorms\ about the size of a pigeon, clearly 
belonged to the FLYING BIRDS (Carinat.e) (fig. 339). The wings were 



Fig, 339.— Ichthyornis. (After Marsh.) 
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well developed, and the jaws resembled those of Hesperornis, except that 
the teeth were implanted in sockets. 

A few imperfect remains of lower Mammals, Prototheria and Meta- 
thei-ia (Marsupials), have been found in Upper Cretaceous strata. In 
America (Wyoming) the Marsupials include Opossums {Didclplwps). 


CHAPTER X 

THE EVOLUTION OF ANIMALS IN GEOLOGICAL 
TIMES— KAINOZOIC EPOCH AND RECENT PERIOD 

The Kainozoic epoch, the strata of which grade insensibly into recent 
or modern deposits, represents a much smaller length of time than the 
Mesozoic, which in its turn was vastly briefer than the Paliuozc.)ic. Most 
of the types now dominant were 
equally so in the early part of the 
epoch, though since then great 
changes in detail have taken place, 
and we' are able to trace the gradual 
evolution of numerous orders, esj^e- 
cially those belonging to the higher 
classes. From the beginning of 
Kainozoic times the sea has been 
ruled by highly organized forms, such 
as cuttle-fishes, bony fishes, and 
aquatic mammals, while tlie sove- 
reignty of the land has fallen to 
birds and terrestrial mammals. It 
may be added that the highest flowering plants, with seeds enclosed in 
special cases (Angiosperms), have wrested the supremacy from cycads 
and cone-bearers (Gymnosperm.S). 

The successive stages of the Kainozoic epoch are known as Eocene, 
Oligocene, Miocene, Pliocene, and Pleistocene. Space prevents more than 
a brief treatment of the succession of different forms of life, and most of 
this chapter will be devoted to a consideration of the rise of some of the 
more important orders of mammals. 

Marine Fauna.— Although a great many of the Foraminifera are 
identified with or very similar to Mesozoic types, the group here reached its 
maximum development, and important Kainozoic limestones are consoli- 
dated foraminiferal muds. The members of one family in particular {Milio- 
lidce) h\xi\d up tliick Eocene limestones,, and remain dominant to recent 
time. The relatively large coin-shaped Nummulites {Nummulinidce) make 
up the still more important nummulitic limestone of the Eocene and Oligo- 
cene periods, afterwards declining in importance, while the members of a 
third family {Globigermidm) become extremely important from Miocene 
times onwards (fig, 340). 
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RadkJLARIA are also locally important as rock builders in Miocene 
and Pliocene strata. Sponges present no very remarkable feature.s, but 
modern types are found here and there throughout the Kainozoic deposits. 
Corals belonging to the HydrozoA [Milkpom and Stylastcr') e.xi.st in 
increasing numbers in these deposits, and during the recent period play an 
important part in building up coral reefs. Six-rayed Coral.S (Hexa- 
COROLLA) of Eocene and Oliogocene age made up reefs in what are now 
the Alpine and Pyrenean area.s, but in subsequent periods such reefs u'ere 
re.stricted to low'er latitudes. 

Se.v - LilJES (Crinoids) became of increasing l•arit3q and are now 
limited to the deep sea, but the related Feather-STAKS ha^'e flouri.shed 
exceedingly, and Eire w’idely distributed in the shallowest parts of e.\isting 
oceans. Both Brittlk-STARS (Opwiuroids) and ordiiiar>' Stari'ISJJJ^.s 
(Asteroids) are dominant groups, wdiile among Sea-urchins (Echin- 
Oins) the irregular types become of increasing importance. IVr().S.S-POrA'J'l-:s 
(PolYZOA) are common, and at .some horizons and localities astonishingli' 
abundant, but Lamp-SHELLS (BrachiOPODS) occupy a very subordinate 
place in the marine fauna from the beginning of 
the Kainozoic epoch to the present day. Marine 
CruS'I’AC'EA, broadly speaking, are of much the 
same general characters throughout the Kainozoic 
epoch. 

Even in Eocene times the Bivalve Molluscs 
were very .similar to those now existing. A number 
of new families made their first appearance, among which may be men- 
tioned those typified by the common sand-gaper (Mya), and other well- 
known forms (e.g. Tridacna). Carnivorous Sea-SNAILS (GASTROPODS) 
also included some new types, e.g. the harp-shells (Harpidm). Of lower 
forms, the ormers or sea-ears {Haliotidce) first occurred, and we also find 
the earliest known representatives of certain highly specialized snails 
{Heteropods) with reduced shell and a swimming foot. 

P-xisting sea areas are divisible into a number of “ provinces ”, di.stin- 
guished by the character of their Gastropods and other Molluscs, In 
Eocene times some of these provinces began to be broadlj'^ sketched out, 
especially in the Southern Hemisphere, for the Eocene Molluscs of Australia, 
New Zealand, and South America were clearly ancestral to those now li\dng 
in the South Atlantic and South Pacific. 

The Kainozoic Molluscs also help us to trace the mutations of climate 
that have taken place in the Northern Hemisphere during that epoch. In 
our own latitude, for instance, the climate of the Eocene, Oligocene, and 
Miocene periods was tropical or subtropical. During the succeeding 
Pliocene and Pleistocene a gradual Towering of temperature took iTace, 
culminating in the Great Ice Age. This slowly passed away, to be followed 
by the rnore tempei'ate conditions that we still enjoy. It follows that the 
older Kainozoic Molluscs of Britain find their closest allies some distance 
to the south, while many of those from the Pliocene and Pleistocene are 
now represented farther north. 

if we except the few reduced survivors of the belemnites, the scanty 
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remains of which locally occur in the lowest Eocene strata, ( 
were mainly represented by cuttle-fishes and a few remnants 
tent nautilus group. 

Among Fishes the specialized “Teleostei” became increasi 
from the Eocene period down to the present day, Importi 
made their first appearance, e.g. cod-like fishes {Nemoptery. 


and sea-horses {Calamostotna) in the Eocene; flat-fishes {Soled) in the 
Miocene. 

The marine Reptiles of the Mesozoic had all become extinct, but 
sea-snalces (Palaophis) date from the Eocene, and seem to have attained 
a length of some tS ft. Another genus {Pterosphenus) of marine snakes 
is represented in the Eocene of Egypt and Alabama, U.S.A. The sea 
became dominated by Mammals, 2.1?. (i) Sea-cows (Sirenia); (2) Seals and 
Sea-lions (Pinnipedia); and (3) Whales and Porpoises (Cetacea). 

Sea-cows (Sirenia) are represented at the present day by the 
Manatees {Maiiatus) of the tropical Atlantic (fig. 342) and the Dugongs 
{Halicore) of the Indian and South Pacific oceans. They are herbivorous, 
estuarine and .shallow-water forms, devoid of hind-limbs, and possessing 
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flippei-like fore limbs. The tail is broadened into a horizontal fin. Our 
knowledge of the evolution of the group is very imperfect, but they are 
undoubtedly descended from land mammals, probably hoofed forms (Un- 
gulates). In existing types the hind-limbs are only represented by small 
bony rods found on dissection, and the teeth are greatly modified for the 
purpose of chewing vegetable food. Sirenians date from the Eocene, and 
as we go back in time it is interesting to note that the teeth become more 
normal, and the vestiges of the hind limbs larger. This is mo.st markedly 
the case in two genera {Eotlierium and Eosiren) from the Egyptian Eocene. 

Seals and Sea-lions (Pinnipedes) are Carnivores modified for an 
aquatic life. The limbs are paddle.s, and the numerous sharply pointed 
teeth are well adapted to catch fish. The primitive ancestral Carnivore.s 
(Creodonts), which range from Eocene to Miocene, afford a possible 
clue to the origin of seals and their allies, for an aquatic Eocene tyqje 
{PairiofeHs) ha.s been discovered in the lacustrine Middle Eocene strata of 
Wyoming, U.S.A. Its limbs were short broad paddles, and it seems to 



Fig. 343.--Zcu.('lodo«, and tooth ofsuine. 


liave preyed on the freshwater tortoises that swarmed in a lake (the 
“ Bridger Lake”) that then existed in that part of North America. 
Reasoning from the characters of Patriofelis, Smith W^oodvvard sa3's; “It 
is quite possible that the early Tertiary \i.e. Kainozoic] ancestors of the 
Pinnipedia were lake-dwelling animals which eventually wandered into the 
sea”. Undoubted Pinnipedes are first found in Pliocene .strata. 

Whales and Poi^poises (Cetacea). — These are the mo.st specialized 
of all aquatic Mammals, and have descended from land Carnivore.s. Some 
of them are the largest members of their class, bigger indeed than any 
other known animals. It is no wonder that marine Reptiles have had 
to give way before them. The body is fish-shaped, the fore-limbs are 
powerful flippers, and the tail is broadened into a strong horizontal fin, 
while the hind limbs have dwindled to minute internal vestiges. The 
hairy covering of the body has been suppressed, warmth being secured 
bv' a thick layer of fat (blubber) under the skin. The nostrils are repre- 
sented one or two openings (spiracles) on the top of the head, while 
the windpipe is drawn out into a cone that fits into the back of the nasal 
passages (cp. Crocodiles, p. 144). There is thus no interference between 
breathing and swallowing, and no danger of water getting into the lungs. 

The oldest known whales {Protocetiis, Eocetus, Proseiiglodon, Zeuglodon) 
have been found in Eocene strata, and their teeth (fig. 343) were less 
modified than those of more modern types. This is pai'ticularly true for 
the Egyptian Protocetus, which links whales with the primitive Carnivores 
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(Creodonts). Such forms no doubt existed in Mesozoic times, though their 
remains have not yet been discovered. 

Toothed whales related to the existing sperm-whales and porpoises 
made their first known appearance in the Miocene period. Their teeth 
are numerous and conical. Toothless whales al.so existed during the same 
period. Here the teeth are replaced by fringed plates of “whalebone” 
(baleen) hanging from the roof of the mouth (fig. 344), Thi.s is an 
adaptation to catching and straining out the vast shoals of small animals 
that make up so large a part of the floating population of the sea 
{plankton'). 

Freshwater and Estuarine Fauna. — Representatives of various 
ordcr-s of CRUSTACEA occur here and there in the Kainozrjic strata, but 
they present no points of general interest. InsE(.:ts adapted to an 
aquatic life, either as larvm or when adult, become more and more 
common. Among tiie former are may-flies, 
dragon-flies, and vfirious two-winged (lies (Dip- 
teni), while the latter include water-beetles and 
water-bugs. 

Bivalve Molluscs (Lam.ei,i;i hranchia) 
are common, and include not only freshwater 
mussels, &c., already existing in Mesozoic times, 
but also new types. One of these {Dreixsensia), 
ranging from the Eocene period onwards, is 
common in our canals to-dajq and resembles 
an edible mussel in appearance (fig. 341). It 
is interesting because the life-histoiy, as well 
as the geological history, indicates compara- 
a wiwrciimie wiiafc. showing eiiree btiiccH tivcly receiit adaptation to freshwater condi- 

oifo'ppotursto^ tions. Fre.shwater (and estuarine) Gastroi'OD.S 

attained a great development, and included 
types {Ancylus, Succineci) of new families. As among marine Gastropods 
(cp. p. 173), we find evidences of mutations of climate. 

With the progress of Kainozoic time the freshwater Fishes became 
increasingly like those now living. Fringe-finned forms are represented 
in the Eocene of the Fayfim (Egypt) by forms related to the existing 
Bichir (Polypterus) of the Nile. Among Ganoid types we find, from the 
Eocene onwards, the Sturgeons beginning to take the place in the fresh- 
water (and estuarine) fauna of the Northern Hemisphere that they now 
occupy, while the Bow-fin (A/nta) and Bony Pike (Lepidosieus), now 
restricted to North America, existed in Europe from the Eocene period 
until the older Miocene. We also notice the first appearance.s of certain 
familiar Teleosts, such as carp (Oligocene), cat-fishes (Eocene), modern eels 
(Miocene), and pike (Miocene). 

KkptILKS include freshwater tortoises, one genus {Ckelydra), now 
limited to Europe, being also Eui-opean during the Miocene period. Mud- 
turtles {Trimyx) date from the Eocene. Crocodiles and Alligators of 
specialized type are common in Kainozoic deposits both in North America 
and Europe, existing into Pliocene times in the latter area. One Pliocene 



THE COMMON MACKEREL {Scomber vernalis) 






Indian form {Rhampkosudms) exceeded all other known crocodilians in 
size, for it was over 48 ft. in length. 

^ As to freshwater Mammals see p. 175. 

L.'VND Fauna. — This vast subject must of necessity be treated verj^ 
briefly, and Mammals will be considered more fully than other groups, for 
they are of most interest, and there are abundant materials for sketching 
the main directions of evolution. 

ScoitPioNS, Spiders, and their allies (Arachnids) are abundant 
enough from Oligocene times onward.s. The deposits of that period are 
particularly rich in their remains. MiTES and TiCK.S, particularly common 
as parasites in warm-blooded Vertebrates, here made their first appearance, 

Centipedes and Millipedes (MyriapodsI occur here and there in 
Kainozoic .strata, but 
are uncommon. 

Insects of all 
are represented from the 
Eocene period onwards, 
their remains being in- 
creasingly abundant in 
newer strata. Moths 
and Butterflies 
(Lepidoptera) make 
their first appearance. 

These insects are pro- 
foundly specialized in 
relation to their habit of 
feeding on the pollen 
and nectar of flowers.^ 

This is correlated, of Fig. 

course, with the domin- 
ance of ordinary Flowering Plants (Angiosperjis), the leading group 
of land plants during the Kainozoic epoch. 

Land-snails (Gastropods) are extremely abundant, including genera 
representing new families both of snails {Helix, Pupa) and land-slugs 
{Testacclla, Limax). 

Amphibia are scantily represented in the Kainozoic rocks . fi-om the 
Eocene onwards, both by tailed forms (newts and salamanders) and tail- 
less genera (frogs and toads). 

Reptiles of existing type are here and there found in Kainozoic 
strata, but Dinosaurs and Ornithosaurs have entirely disapiieared. Land 
Tortoises made their first appearance in the Eocene. Lizards are scarce, 
but present one or two interesting features. In the earlier part of the 
epoch some genera {Iguana), now limited to America, also existed in 
Europe. We further find an illustration of a very general rule, that, in 
many areas, existing land- forms were preceded during Pleistocene times 
by much larger types of the same kind. In Queensland, for instance,' 
the remains of a lizard {Mcgnlnnia) over 30 ft. long have been discovered 
in deposits of this age. 
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the present time only one running bird is indigenous, the 
{Apteryx), which is not much larger than a hen (fig. 345). But 
until a few hundred years ago immensely larger forms belonging to the 
same group existed in that pai-t of the world, and were undoubtedly 
hunted down and exterminated by the ancestors of the Maoris. These 
were the Moas, of which the largest {Dinoniis maximus) attained .a height 
10 ft. (cp. fig. 346). A bird of similar dimensions {Aipyornis 
lived somewhere about the same time in Madagascar, and the 
the fables about the famous 
Aladdin and Sindbad 


178 ZOOLOGY 


Land .Snakes are fir.st known from Eocene strata. A {.lytlicjn-like form 
{Gigantophis) about 30 ft. long has been found in Egyi^tian roclcs of that 
period. 

None of the Kainozoic BiRD.S po.s.se.s.scd teeth, and inoi'e or le.s.s inodcni 
types have been found in Eocene strata. The material i.s too imperfect 
to render possililc any detailed working out of the anccstiy of existing 
ftimilies. Many of the older species, however, were undoubtedly “ genera- 
lized” or “synthetic” types repre.senting stocks from which recent groups 
have diverged. RUNNING BtKU.S (Ratites), i.e. ostriches and 
their allies, are now practically limited to tlie .Southern Hemi- 
sphere, but during the earlier part of the Kainozoic epoch 
existed in the northern land-masses of botli hemispheres. 
Eocene fossils of the kind have been found in West Europe 
{Gastoritis, Dasomis) and North America {Diatrynia), The 
common ostrich {Struthio), now restricted to Africa and Arabia, 
was represented during Pliocene times 
bj' cl(.)seh' related fi-trms living in India 
and the area now occupied Iry the islands 
of the Atgean Sea. 

During the Pleistocene period, and 
surviving into comparatively recent times, 
we find that running bird.s of divei'sified 
kind, and often of great size, e.xisted in 
the Southern Hemisphere. In New 


IS fish- 
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eating form {Odontopteryx toliapica), probably related to the gannets, is 
found in the English Eocene. It is remarkable for the tooth-shaped 
indentations on the edges of the beak (fig. 347). Patagonian Kainozoic 
strata have yielded the 
remains of a gigantic bird 
of prey {Phororhachos), 
apparently related to the 
existing Cariamas or 
Screamers (fig. 348). Of 
this Sir E. Ra}^ Lankester 
says: “If the extinct bird 
had the general propor- 
tions and habits of the 
Cariama, as seems prob- 
able, it must have been a Fig. 348.-skuiiofihor ii lH 

terrible monster, standing 

some 12 ft. high, and far exceeding the most powerful eagles and vultures 
in strength and the size of its beak and claws ”, 


CHAPTER XI 

THE EVOLUTION OF ANIMAL.S IN GEOLOGICAL 
TIME— KAINOZOIC EPOCH AND RECENT PERIOD 
( Continued) 

Kainozoic Land Mammads. — The Kainozoic epoch witnessed the 
rise of land mammals to the dominant place in the terrestrial fauna 
occupied by reptiles during Mesozoic times. The earlier stages in mam- 
malian evolution appear to have taken place in a southern land-mass which 
has now largely disappeared, and the fossils available for reconstruction of 
these early stages are too scanty to be of much use. Smith Wopdward 
says; “ It is . . . still impossible to trace the evolution upwards to the base 
of the Cainozoic or Tertiary strata, in which typical and well-preserved 
mammalian skeletons occur in abundance. The only mammalian fossils 
hitherto discovered in the Jurassic and Cretaceous rocks are merely frag- 
ments of a most unsatisfactory nature. They represent tribes of dwarfed 
animals not larger than rats, some probably related to the existing mono- 
tremes, others to the marsupials, more clearly belonging to the highest 
mammalian type (that of the Eutheria), or linking this with the grades 
below ” ( Vertebrate Paleontology, p. 247). 

As elsewhere stated. Mammals are divided into three sub-classes: 
(i) Prototheria; (2) Metatheria; and (3) Eutheria; which will be considered 
in succession. 
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PROTOTHERIAN MAMMALS 

These include two orders, Multituberculates and Monotremes. 

Multituberculates.- — To this order are referred some of the Meso- 
zoic remains to which allusion has already been made (see p. 162). The 
available material consists almost entirely of detached lower jaws, and the 
presence of numerous small tubercles on the crowns of the grinding teeth 
gives the name to the order. Some of the oldest fossils cannot be dis- 
tinguished with certainty from those belonging to certain Permian and 


Triassic reptiles (see p. 143), and this suggests the ancestry of mammals; 
while, on the other hand, a resemblance to the transient grinding teeth 
the Duck-mole {Ornithorhynchus) justifies their association with the 
members of the next order. 

Monotremes.— Two existing Australian types belong to this order, 
the Duck-mole {fiimithorliymhus) and the Spiny Ant-eaters {Echidna 
ProBkidna), They are small, burrowing, egg-laying mammals, devoid 
adult. The Duck-mole is aquatic, and feeds largely on 
are crushed by horny plates that supplant minute 
Some of the late Kainozoic deposits of 
of very much larger animals of the kind. 


POUCHED MAMMALS {MarsupiaUa) 

1. Tree- Kangaroo of New Guinea {Dendrolagus tirsinus), 

2. Koala {Phascolarctos dnereus). 

3. Water Opossum {Chironectes ininimd). 

4. Pig-footed Bandicoot {Charopus castanotis). 

5. Tasmanian Devil {Sarcophilus ursinus). 

6. Squirrel-likc Flying Plialanger {PetMnis sduretis). 

7. Jerboa Pouched-mouse (AnUckinomys laniger). 

8. Philander Opossum {Didelphys philander). 

9. Great Grey Kangaroo {Macropns giganteus). 

10. Tasmanian Wolf {Thyliidnus cynocephaliis). 

11. Hairy-nosed Wombat {Pkascolomys latifrons). 

12. Gunn’s Bandicoot {Perameles Gunni). 

13. Common Dasyure (Dasyunis viwrrinus). 

Numbers 3 and 8 are American forms, the remainder belong to 
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METATHEE.IAN MAMMALS 

These are represented by somewhat higher types than those included 
in the last sub-class, all of them belonging to the single order of MAR- 
SUPIALS (Pouched Mammals), so called because the young, bom in a very 
helpless condition, are sheltered in a pouch present on the under side of 
the mother’s body. The vast majority of existing Marsupials (kangaroos, 
wombats, phalangers, &c.) are limited to the Australian region, but the 
opossums range through both Americas, and one small rat-like form 
{CcBuokstes) is indigenous to South America. 

Allusion has already been made (see p. 151) to the primitive nature of 
the Australian fauna, and, so far as terre.sti-ial animals are concerned, this 



Fiff* 350.— Skull of the Giant Au&traUan Marsupial {DiJ>rotodon) preserved in the British Museum (Natural 
History). By its side a human skull is drawn to the same scale. (From Sir E. Ray Lankester.) 


appears to be due to a comparatively early separation from the northern 
land-mass of the Old World, whereby the entry of highly specialized types 
was prevented. 

Marsupials are divided into the two sub-orders of Polyprotodonts and 
Diprotodonts, the former being less specialized than the latter. 

POLYPROTODONT MARSUPIALS. — These are distinguished by the pos- 
session of several front teeth (incisors) in the lower jaw. Eye-teeth 
(canines) are also present. Some of the Mesozoic mammals (see p. 162) 
are placed here, and so are the opo.ssums, ant-eating bandicoots {Pera- 
meles\ and Tasmanian “native wolf” (Thylacmus). From Eocene to 
Miocene times opossums existed in Europe as well as America, while the 
remains of thylacines have been discovered in the Patagonian Miocene. 

Diprotodont MARSUPlALS.~In these forms there are no canine 
teeth, and only a single large pair of lower incisors. Practically all exist- 
ing types are restricted to the Australian region. The little Camolestes of 
South America belongs to a group more numerously represented on that 
continent during Miocene times. A couple of Pleistocene Australian forms 
deserve mention. One of these (Diproiodon), the largest known Marsupial, 
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was a herbivorous creature about the size of a rhinoceros 350). The 
other, known as the “pouched lion” (Thvlacolco), \vas about a quarter that 
size. It is by no means certain that it was carnivorous, a.s tire name 
implies. 

EUTHERIAN MAMMAT-.S 

These include the most specialized members of their class. Compared 
with Marsupials they are born in a well-developed state, this being ren- 
dered pos.sible by a complex structure (^placenta) that places the blood- 
vessels of the embryo in close relation with those of the mother. Hence 
Kutherians are often known as “placental” Mammals, though a feebly 
developed placenta is not unknown among Marsupials {Peramelis). 

Euthrrian Orders. — The .sub-class is divided into no les.s than nine 
orders, as follows: — 

I. Whales and Porpoises (Cetaceans); 

3. .Sea-cows (Sirenians); 

3. Mammals poor in teeth (Edentates); 

4. Hoofed Mammals (Ungulates): swine, cattle, horses, elephants, &c.; 

5. Gnawdng Mammals (Rodents): rabbits, rats, squirrels, porcupines; 

6. Pdesh-eaters (Carnivores): cats, dogs, bears ; 

7. Insect-eating Mammals (Inscctivores): hedgehogs, shrews, moles; 

8. Bats (Chiroptera) ; and 

9. Lemurs, Monkeys, and Man (Primates). 

The aquatic orders (i, 2, and 6 in part) have alread)^ received treatment 
(see pp. 174-6). All the orders are represented from Eocene times onwards. 

Mammals Poor in Teeth (Edentates). — These apparently degenerate 
forms seem to have been derived from an ancestral stock that also gave 
rise to hoofed and gnawing mammals, 'they exist at present in the 
southern parts of the great land-masses, being represented b}'' the sloths, 
ant-eaters, and armadilkjs of South America, the Cape Ant-eater {Orycte- 
ropiis) of South Africa, and the scaly ant-eaters or pangolins {Munis) of 
Africa and Southern Asia. 

The existing South American Edentates arc comparatively small and 
unimportant, for they have had to compete with more highlj' organized 
mammals, which have now gained the upper hand. But during late 
geological times South America was not united wdth her sister continent 
in the north, and the dominant mammals were Edentates, some of these 
being of large size. 

The small leaf-eating Sloths, that live in trees, suspended upside down 
by their hook-like claw's, were then represented by great Ground-sloths 
{M egatheriidd), which also resembled in some respects the mfidern Ant- 
eatens. The largest of these {Megatherium) was about tlie size of an 
elephant, and it appears to have been in the habit of pulling down trees 
for the sake of their foliage. Another somewhat similar form {Mylodon, 

3Si) was of similar habit, but differed in the fact that small nodules of 
bone were embedded in its skin. A clo.sel): allied if not identical animal 
{N coniylodon) existed in quite recent times, geologically speaking, and 
possibly still survives, though this is highly improbable. 


AN EXTINCT GROUND-SLOTH {Megatherium) 


It is a remarkable fact that certain groups of land-animals were 
m part represented, in comparatively late geological times, by 
gigantic forms which have since become extinct. This is the case, 
for example, with the Mammals poor in Teeth {Edentata), to which 
belongs the South American Ground-Sloth {Megatherium) repre- 
sented in the plate, which is taken from a photograph of a restora- 
tion in the British Museum. In size it was nearly as large as an 
elephant, and is believed to have fed on leaves, as do the relatively in- 
significant Sloths which now live in the trees of the South American 
forests. The plate represents the Ground-Sloth in the position it 
assumed for the purpose of pulling down branches, or uprooting 
small trees, in order to obtain its food. 
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3'ht; bones, skin, and dnng of this creature have been found, in a com- 
paratively fresli state, in the cave of Ultima Speranza, South Patagonia. 
It i.s certain that the cave was once inhabited by Indians, who used this 
extraordinary Edentate as food, and perhaps kept it in captivity. 

Not only sloths but also Armadillos were represented in South America 
Pleistocene times by relatively large forms. Of these the Giant 
of from 12 to 16 ft 


Among the causes which led to the extinction of the Pleistocene 
Edentates of South America must be mentioned the upheaval which 
caused union with North America, enabling mammals of higher type to 
migrate southwards. If South America had remained isolated it would 
now be a second Australia, zoologically speaking. 

't'he Old World Edentates, like those of the New World, aie the 
remains of a primitive mammalian fauna, in this case reduced to still 
scantier dimensions by the struggle for existence. Very little is known 
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□winjT nocturnal Cape Ant-eater or Aarcl-vark {Orycteropi 
restricted to South Africa, existed in South-east Europe 
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west Asia during Pliocene times, and a closely allied form [Pakeorycte- 
ropus) has been described from the French Eocene. 

Hoofed Mammals (Ungulates). — This great group of herbivorous 
(and in .some cases omnivorous) mammals is divided into no les.s than 
eleven sub-orders, only four of which are represented by existing .species. 
Their names are as follows; extinct sub-orders being indicated by italics -. — 
(i) Primitive Ungulates {^Condylarthrap (2) Conies (Hyracoids); 
(3) Blunt - footed Ungulates {Amblypods)\ (4) Heavy -footed Ungulates 
(Barypodsf (5) Elephants (Proboscidea) ; (6) Claiv-footed Ungulates 
(Aneylopods)] (7) TypotPeres ; (8) Curved-toothed Ungulates {Toxodonts)-, 
■(9) Smooth-heeled Ungtdates {Litopterns')-, (10) Odd-toed Ungulates 
(Perissodactyles); (ii) Even-toed Ungulates (Artfodactylcs). (2) and (5) 
are often elevated to the rank of distinct orders. 



The course of adaptation in Ungulates is thus ably summarized by 
Smith Woodward: 

“As the course of evolution is traced upwards through the Tertian' 
formations, the changes in the skeleton are all much of the same type. In 
general terms, they relate to the modification of small marsh-dwelling or 
forest-dwelling animals, which were adapted to live on succulent vegetation, 
into hard-hoofed quadrupeds more fitted for life on grassy^ plains aiicl witlr 
powerful grinding teeth capable of masticating comparatively coarse and 
dry herbage. The theory is indeed often advanced, that the whole of thi.s 
development of the Ungulata was correlated with the incoming of grasses 
as a dominant feature in the earth’s flora. Foremost in the advance the 
brain has become relatively larger and of a higher type.” ( Vertebrate Palm- 
ontology, pp. 287-8.) 

Primitive Ungulates (Condvlarthua).— In the Lower Eocene 
strata of Wyoming, U.S.A., have been found the skeletons of mammals 
about the size of pigs {Phenacodns, &c., fig. 354), wdiich if not the actual 
ancestral stock of Ungulates come very near it. They were adapted to life 
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on swampy ground, and possess generalized characters from which by sup- 
pression and specialization more highly organized types may be supposed 
to have come into existence. 

The head was small, and contained a brain of corresponding dimen- 
sions, no doubt correlated with a low intelligence. I'he teeth were 44 in 
number, and this may be taken as the full complement for Eutherian 
Mammals. The dental formula was— 



(z. = incisors; c. — canines; p.m. — premolars; m. = molars). The two 
last kinds are collectively known as cheek-teeth or grinders. In each 
fraction the numerator and denominator respectively' refer to upper and 
lower teeth, while the two numbers side by side have reference in either 
case to teeth on opposite sides of the jaw. The formula can be abbreviated 
toH43. 

314,1 

The grinders possessed short crowns studded with tufjercles, efficient 
enough for masticating soft marsh plants. 

Turning now to the limbs, we find that these were comparatively^- short 
and flexible, the latter character being due to the full development of the 
two bones (radius and ulna) of the forearm, and also (tibia and fibula) 
of the lower leg, and the fact that the small irregular bones of wrist and 
ankle did not interlock. These animals were plantigrade, i.e. theyi- walked 
on palms and soles, and five digits were present in both hand and foot. 
The sprawling extremities were well adapted to movement on a soft 
surface. 

Conies (Hyracoids). — The.se are small animals native to Africa and 
Syria, and somewhat rabbit-like in appearance. Little is known of their 
geological history, but they appear to have descended from the primitive 
mammals of the last sub-order without having undergone much special- 
ization. 

Blunt-kooted Ungulates (Amelypods).— These were large clum.sy 
Eocene mammals, with strong limbs and robust five-toed extremities. The 
blunt digits were encased in rounded, hoofs, and to some extent raised up, 
presenting a transition to the digitigradc condition, where the weight of the 
body rests on the ends of the toes. The crowns of the grinding teeth were 
ridged, and the upper canines were large and tusk-lilce. These creatures 
probably failed in the struggle for existence because their small smooth 
brains remained unimproved. 

Both European and North American forms arc known. One of tlie 
X-dXi&x {Dinoceras), not much inferior in size to an elephant, and with three 
pairs of horns, is represented in fig. 35 S- 

HEAVY-roOTED UNGULATE.S (BARYPODS).--Thi.s .sub-(jrder has been 
recently constituted for the reception of a massive fovm-—-Arsinoit/ierium— 
of which remains have been found in the Egyptian Upper Eocene. This 
creature was nearly 10 ft. long, and stood about 5 ft. 9 in. at the withers. 
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Its most reinarkablo feature consists in the possession of four horns, a 
small posterior and a huge anterior pair (fig. 356). Each of these is 


ZOOLOGY 



1 88 

are doubtful, but there are points of resemblance to the three sub-orders 
already described, and also to the Elephants and their allies which have 
now to be considered. 

Elephants (Proboscidea).: — Until quite recently the ancestry of 
Elephants was but imperfectly known. They present a curious mixture 
of primitive and specialized characters. The former are seen in the 
structure of the feet and some of the internal organs. The latter are 
exemplified by the trunk, the tusks (upper incisors), and the huge complex- 
grinders, of which only four are present in the fully adult animal. The 
discovery of ver}? ancient proboscidean forms in the Eocene strata of the 
Egyptian Fayum has, however, solved this very interesting problem. 


The oldest and most primitive of these, Merith-eriiim (fig. 357), was about 
the size of a pony, but much more stoutly built, with a decided resemblance 
to an elephant. The nose was drawn out into a very short trunk, which 
is somewhat exaggerated in the restoration figured. We may consider the 
trunk to be an adaptation to easy grazing in bulky animals with fairly long 
pillar-like legs. Meritherium possessed the full complement of 44 teeth, 
with transversely ridged crowns to the grinders, small canines, and four 
of the inci.sors produced into .short tusks, probably to serve as defen.sive 
weapons. 

The accompanying figure (358) represents the slculls of Meritherium, 
the Indian Elephant, and intermediate type.s, i.e. Palmomastodon (Egyptian 
Eocene), Tetrabelodon (French Miocene), and the Masttxlon (American 
rieistocene). They form a complete series, in which the face became more 
and more bent downwards, the grinders fewer and more complex, the 
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1. Tetrabelodon, a Miocene elephant with lower as well as upper 
tusks, and comparatively simple grinders. 

2. The Mammoth, a hairy extinct elephant that ranged over the 
northern land-masses in : prehistoric times. It was contemporary 
with early man in Western Europe and elsewhere, and frozen 
carcasses are from time to time "discovered in Siberia. 
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of the lower jaw was strongly bent. The stout tusks embedded in this 
were perhaps used for grubbing up water plants from lakes and river bed.s. 

CLAW-FOOTBn Ungulates (ANCVLOrODS). — The.se were large animals 
that lived in the Northern Hemisphere during the Miocene and Pliocene 
periods. Like some of the Edentates, the}' were supported chiefly on the 
outer sides of the twisted feet. The toes curved upwards and ended in 
almost claw-like hoofs. 

The members of the next three sub-orders are only known from the 
Kainozoic strata (Miocene and Pleistocene) of South America, and the 
following instructive remark is made concerning them in the Guide to the 
Fossil Mammals and Birds of the British Museum (9th ed., 1909, pp. 48-50): 
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canines suppressed, and only the elongating tusk-like incisors retained. 
In the last two stages the lower tusks disappeared and the chin was 
reduced in size. Concomitantly with this the trunk increased in length 
and complexity, while the size of the body was augmented. 

A collateral but entirely extinct branch of the elephant sub-order is 
i-epre.sented by Dinotherium, the remains of which are found in the Miocene 
and Pliocene strata of Europe and the Pliocene of India. In 
Urey resembled mastodons, but the upper tusks 
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“South America seems to have been sei)aratcd ft 
world during the greater part of the 'I'ertiarj' period | /, 
and its indigenous hoofed mammals, commonly iirra 
orders, are netirly :dl different from tiny found clscn 
American llamas, deer, peccaries, Itipirs, extinct horses 
course, are not indigenous, but [ttissed soutli over 1 
Isthmus of Panama or other land bridge at the begint 
period” (cp. p. 182). 

Typotheres. — The earliest members of this sub-ord 
the primitive Ungulates (Condylarthra) and Amblypo 


Hemisphere, and possessed a full dentition, but as 
were suppressed, and the other kinds of teeth rc 
lanties to the gnawers (Rodents) can be traced, o 
mg is found in the characters of the incisors, 
possessed definite “roots” or “fangs”, and wen 
the latest form — Typotherium — the large 
above and five below. They did not narrow i 
tinuou.sly throughout life as in a rat or rabbit 
gnawing hard vegetable substances. 

Curved-toothed Undulates (Toxodont.s), - 
•sembled the members of the last sub-order, but were r 
ized. The somewhat curved teeth commonly grew 
icduction in number only affected the canines and ut 
most familiar type— was about 9 ft. long 
- "‘■“S' 


s time went on, the canines 
•educed in number. Simi- 
3f which the most interest- 
In the oldest types these 
re 12 in number. But in 
incisors were reduced to two 
nto fangs, but grew con- 
an evident adaptation to 


- 1 hese closely re- 
rather more special- 
I continuously, and 
ipper incisors. The 
g, and Sir E. Ray 
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name from the presence of a smooth surface on the heel-bone for receiving 
the end of the small bone of the leg (fibula). They were not unlike horses 
in appearance, and their toes were gradually reduced in number during the 
course of evolution, much as was the case in those animals (cp. p. 193). 
But their teeth never became so specialized, and as their brains remained 
small they succumbed in the struggle for existence. 

Odd-toed Ungulates (Perissodactyles). — These include existing 
tapirs, rhinoceroses, and horses, in all of which there is an odd number of 
toe.s on the hind-foot. Beginning with the thumb or great toe, as the case 
may be, the digits are successively numbered i, 2, 3, 4, S, and in the present 


.sub-order the middle one (3) became more or less dominant, while some 
of the othens dwindled or eveji disappeared. This represents adaptation 
to rapid locomotion on a more or less firm surface. At the same time 
the limbs elongated and the position became digitigrade, i.e. a “tiptoe” 
attitude was a.ssumed; this also having reference to the conditions of life. 
There is a strong contrast with the five-toed extremities of the primitive 
Ungulates, and their mode of walking on palms and soles, i.e. in planti- 
grade fashion, characters suited to swamp or marsh life. 

The development of arrangements promoting swift movement had 
reference not merely to securing of food, but also to escape from the 
carnivorous mammals evolving .side by side with their vegetarian relatives. 
Nor must we forget that the members of the few surviving sub-orders of 
Ungulates, and other now dominant mammals, owe their success not only 
to advance in the direction of mechanical perfection, but also to increasing 
intelligence associated with a relatively large and complex brain. It will 
suffice for our present purpose to trace the pedigrees of tapirs, rhinoceroses, 
and horses. 
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TAl'IRS.~Tlicse are the most i.)ri mi live existins' odd-toed Unt^ulates 
somewhat lilm larf^e pig^s in a])pearance (fig. 359), ^vdth ;iii elongated snout’ 

There are 4 toes on the 
fore foot and 3 on tlie 
hind, digit I having dis- 
a],)peared in the former, 
and s in the latter. 
They present a typical 
case of “ discontinuous ” 
di.stributinn, existing 
only in the marshes and 
damp forests of tropical 
America and the Malay 
region. It may be laid 
down as a general prin- 
ciple that animals .so di.s- 
tribiited are the sur- 
vivor.s of an ancient and 
once widely extended 
grouj), wliich has suc- 
cumbed to competition 
with better - adapted 
form,s except here and 
there. And .we know 
from geological evidence 
that tapir.s ranged over- 
the warmer part.s of the 
Northern Ilemisphere 
during the Miocene and 
J’liocene periods. Their 
probable ancestors can 
be traced back to the 
Lower Eocene (Sfste- 
modon, &c.). 

Rhinoceroses.— -T he 

existing animals of this 
kind are also discon- 
tinuously distributed, 
being limited to Africa 
and South Asia. They 
are di.stinguished by 
their large size, one or 
two epidermic unpaired 
^ _ (digits I and 5 having disappeared) 

Pleistocene times rhinoceroses were widely distributed over 
)f the Northern Ilemisphcrc in the Old Yha-ld, and can 
, , Middle Miocene of Europe. Their Ic.ss-specialized 

and hornless ancestors date from late Ivocene times in Europe and North 


the 
be traced 



Tilocenti ancestor of the horse, witli four 
an a large dog. After a drawing issued 


appearnnee in life of llyrncothet 
on the hind foot. It was not b; 
’ York. (From Sir E. Ray Lanlsi 


Museum, New 
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America, and ver}^ probably derive from still older forms {Hyrac/iyus, &c,) 
native to the latter continent. 

Horses. — The.se are in all respects the most specialized Perissodactyles, 
with very complex elongated grinding teeth and one-toed feet, in which 
digit 3 alone survives, though traces of 2 and 4 (splint bones) can be found 
on dissection (fig. 361). At. present horses and their allies are indigenous 
only to Africa and Asia, but in Pleistocene times they ranged through both 
the Americas. Their ancestry can be traced back to the Lower Eocene 
{Hyracotherium) of Europe and North America (fig. 362). Some of the 


evolutionary stages are represented in fig. 363. They involve (a) increase 
in size — the oldest horse-like tj'pe.s were no larger than foxes; (b) elong-ation 
of the limbs, and reduction of one of the two bones in forearm iyilnd) and 
lower leg {fibttld), in the interests of firmness; (c) enlargement of tlje 
middle digit and (3) reduction of the others; (d) increase in length and 
complexity of the grinding teeth. Special interest attaches to the ancestry 
of horses, for it was the first case of the pedigree of an existing animal to- 
be worked out in detail. 

EAHtN-TOED Ungulates (Artiodactyles). — Living members of this 
sub-order are distinguished by an even number of toes in the extremities, 
but here Hvo digits (3 and 4) are dominant, and the axis of the limb falls 
between them. They are subdivided as follows: — 


A. Non-ruminants— 

Hippopotami, pigs, and peccaries {Sumo). 
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B. Ruminants— 

Camels and Llamas (Tylotods); 
Chevrotains (Trauuunes) ; 

Giraffes, deer, sheep, and cattle (Pecora). 

Non -RUMINANTS. — In these relatively 
primitive forms the grinding teeth are biinodont, 
i.e. they possess broad tubercles adapted for 
cru-shing succulent plants or other soft kinds of 
food. The Hippopotamus, a vegetarian form 
now limited to Africa, remains comparatively 
unspecialized, but the front teeth are peculiar, 
and the brain complex. During Pleistocene 
times, hovvevei", hippopotami were widely dis- 
tributed through .Eurasia. Dwarf species existed 
in Sicily, Malta, Cyprus, and M:ulaga.scar. The 
genus (Hipp(jpotaraus) to which all the fore- 
going belonged is first known from the Lower 
Pliocene of India and Ikirma. 

Pigs are typical Old World forms of om- 
nivorous habit, and can be traced back to the 
Miocene period in Europe. More ancient pig- 
like animals date from the Lower Eocene of 
Europe and North America. Nothing is known 
about the descent of the peccarie,s, which are 
American allies of the pigs, 

It should be mentioned before passing to 
the next group that in all the Non-ruminants 
the first digit is suppressed. The extremities 
of a hippopotamus are short and strong, and 
terminate in four stout toes. Those of a pig 
are somewhat longer, and the central digits (3 
and 4) are much larger than the outer ones 
(2 and s). The latter do not touch the ground 
in walking, but serve as “ stops ” to hinder the 
feet from sinking too deeply into soft ground. 

Ruminants. — The animals of this kind 
now existing are swiftly moving vegetarian 
forms with extremities more or less elongated 
and .specialized. The outer digits (2 and 3) 
ai-e much reduced or practically absent, while 
the two long |jalm-bones (jinetacarpah) or in- 
step-bones (inctatarsals) supporting the large 
inner digits (3 and 4) of the fore and hind feet 
respectively arc fused into a “ cannon bone ” 
(fig. 364), Rigidity is thus .secured. The crowns 
of the grinders are xe/aiodont, i.e. they pcjssess 
curved transverse ridges well suited for chew'in''^ 



we find Ungulates in which these characters were beginning to appear, 
and such forms were the probable ancestors of existing Ruminants. To 


THE EVOLUTION OF ANIMALS 


grass and other comparatively hard plants, such as 
grow on plains. Canines are absent except in camels 
and chevrotains, and, save in the former, all the upper 
incisors have disappeared, their place being taken by 
an elastic horny pad. 

The well-known power of rumination or " chewing 
the cud ” possessed by members of this group is 
related to digestive organs of peculiar structure. We 
find that the stomach (fig. 365) is divided into four 
successive compartments — (a) the large paunch 
(I'liinen)] {b') the honeycomb &tomnc\\ {reticulum'), so 
called from the character of its lining; (/) the book 
or manyplies {psalteriuvi), the mucous membrane of 
which possesses numerous leaf-like folds; and {d) the 
tubular reed {abomasum), which receives the gastric 
juice and communicates with the small intestine. 

Herbage i.s first cropjDed without chewing, passes 
into the paunch, and thence into the second compart- 
ment, where it is made up into boluses. These are 
returned to the mouth as “cud”, thoroughly masti- 
cated, and once more swallowed, this time being 
strained through the manyplies, and ultimately reach- 
ing the reed, to be subjected to the action of the 
gastric juice. 

There can be no doubt that this remarkable pro- 
cess was evolved as a protective measure against car- t., Tibi.-i: ca., caicausum 
nivorous mammals. It enables a large supply of food i'jf‘iv°Mahtt 4 irboMa'‘ot 
to be hurriedly swmllowed, and afterwards to be dealt digits liianuvi." in isiha 
with at leisure in a place of safety. Without being si-i'"*! ir>ne^-"^ ‘ 

absolutely certain, we are justified in assuming that 
cud-chewing arrangements \vere evolved pari passu w’ith the characters 
of teeth ancl limbs that are now associated with it. In later Eocene times 
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enumerate them would simply mean giviiifj a lon^' list of names, and it 
will suffice to say they had a wide distribution through Eurasia and 
North America during Eocene and Miocene times. brief account of 
the history of the existing families will answer our i)uri)ose. 

Camels and Llamas (Tyloudds) aiiyicar to Ivave taken origin in 
Nf)rth America, tlie earliest known tyi)e {Pocbrotlienunt') Ijcing somewhat 
like a small antelope, and of Oligocene age. Both camels and llamas were 
evolved from forms like this, afterw'ards migrating respectivel\’ into Eurasia 

and South America. 

ClIEVROTAn\.S (Tra- 
GULINES) are hornless, 
deer-like creatures (fig. 
366) of small size, with 
rum in an t ch aracters 
only partially developed, 
'[’hes^ are now restricted, 
to ssvampy regions in 
West Africa and South- 
east /\sia, but remains 
of ver)’ similar creatures 
have Ijoen found in the 
French Oligocene [Pro- 
dmuoilicriuiii) and the 
German hliocene {Dor- 
cathcrhiui). 

GlK/VEl'MJ.s are essen- 
■ tially Old World rumin- 
ants, nou' only found in 
• Africa. Their elongated 
limbs, long necks, and 
prehensile tongues are 
adaptations to feeding 
on the leaves and .shoot.s 
of trees. .Far less e.x- 
treme in its characters, 
and nearer the ancestral .stock, is the Okapi, native to the equatorial 
fore.sts of Central Africa (fig. 367). 

During older Pliocene times Giraffes ranged from Africa into South 
Europe and most of Asia. With them were associated Ok-apis {Saino- 
thermn, Helladotherium^ &c.). Older types are so far unknown 

Deer arc now very wnclcly distributed, being absent onl}- fiom the 
Australian and lAthiopian regions, Bony antlers (fig. 368), used when 
fighting for mates, and shed annually, are neaily always picscnt in the 
male, and are also possessed by the female in icindcei In a typical ca-^e, 
such as that of the Red Deer (^Cervus elaphus) they become more complex 
every year. 

The geological history of the family presents us vdth a series of stages, 
in which teeth and antlers became increasingly specialized. In regard to 



THE EVOLUTION OF ANIMALS 


the latter character, therefore, the Red Deer or similar form repeats the 
history of the group in its own life-history, another example of the Law 
of Recapitulation already illustrated in 
earlier chapters. \ ^ 

The oldest known deer {Amphitra- V/lf 

pvlus) has been found in the Oligocene 
and Lower Miocene rocks of Western 
Europe. It w'as entirely hornless and of 
small size, resembling tw'O existing Asiatic 
forms, the musk deer (Mosc/ms) and Chinese 

water deer {Hydropotes). Antlered species Jf W 

began in the Middle Miocene of Europe m (§ 

and the Upper Miocene of North America. jf ff jf 

Ofyoungertype.s, the Irish deer (CV/'OTW M | W If' 

^iganteus), coeval with prehistoric man, J J| # / 

deserves mention on account of its huge M. 

antlers, which sometimes attained a breadth _ a -urii eII c«-v,.v ■-, >««/■/« .m d. 
of over 9 ft. from one side to the other F.g. 36 s,-inUiEiM^«.v,.v m«ci 


5, Shkei’, and Oxen are a very dominant 01 
resent time, and the highest expression of evolutio 
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Even-toed Ungulates. Both sexes usually possess a pair of horns, which 
are not shed like the antlers of' deer, and consist of a hollow, horny sheath 
supported upon a bony “core”. Such creatures are first represented by 
small antelope-like animals in the Miocene of Western liurope, and at 
the end of Pliocene times some of them reached North America. 

Gnawing Mammals (Rodents).— -This cosmopolitan order includes 
a great number of simply organized mammals — <?,»•. rabbits, squirrels, rats, 
and porcupines — mostly of small .size, which have not altered very greatl)' 
since Eocene times. The small, smooth brain is correlated with a low 
degree of intelligence, and the success of rodents in the struggle for 
existence is largely due to their great fecundity, and to the fact that they 
have become adapted to the most various conditions of life, filling, as it 
were, all sorts of unconsidered gaps in the economy of nature, some of 
rvhich could not be occupied by larger creatures. The members of some 

successful vegetarian 
orders, c.g-. Ungulates, 
have mostly increased 
in size during the course 
of evolution (cp. pp. r88, 
193), and this has left a 
place for Rodents among . 
ground animals, while 
other.s burrow, climb, or 
even swim, 

Although primitive in 
most respects. Rodents 

iarge fimctionnl ones i; c./., corongid process: lygomatic arch. are highly Specialized ill 

regard to their teeth,, 

which are adapted for gnawing hard substances, such as roots, wood, and 
bark. They are therefore able to utilize, as food, materials ■which are 
rejected by the higher vegetarians, and this has been another factor of suc- 
cess. The canines have disappeared, and the incisors reduced to two large 
chisel-edged teeth above and below, which grow continuously throughout 
life (fig. 369). Hares and rabbits, however, possess a second pair of upper 
incisors, which are very small, and placed behind the others. They may 
be regarded as dwindling structures caught in the act of disappearing, 

In the older Eocene of Europe and North America a group of extinct 
animals (Tillodonts) has been discovered which represents or comes 
near the ancestral rodent stock, and enables us to trace the stages in the 
evolution of a typical gnawing dentition. 

Some of the Pleistocene Rodents were of large size, but this direction 
of evolution has proved unsuccessful, and at present the biggest species 
is the Capybara of South America {Hydrochcerus capybara). This is 
not unlike a small pig, and its dimensions are quite unusual (fig, 370). 

FLE.SH-EATING MAMMALS (CARNIVORA), — We have traced the descent 
of the Vegetarian Ploofed Mammals from Primitive Ungulates (Condyl- 
arthra) living during the Eocene period (cp. p. 185). Side by side with 
these existed a tribe of Primitive .Flesh-eater.s (Creodont.s) both 
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irope and North America. They include the bear-like Arctocyon, ; 
Hyivnodon (fi^. 371) that faintly resembled a hyaena, and Patriofeli^ 


Flesh-eaters are represented in the older Kainozi 
ip of forms (SparassodontS), presenting mark( 
;sh-eating Marsupials of Australia and TasmanU 
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While the Ungulates were gradually evolving on the northern land- 
masses, in adaptation to a vegetarian life in plains, the Carnivores were 
acquiring characters fitting them for an aggressive existence in the same 
area. In other words, hunters and hunted were evolving together, the 



Fig.’ 372.“-Tho Asiatic pr Imlian Civet ( Ftverm srdc/ka) 


structural advances in each influencing those in the other. Primitive 
Ungulates and Primitive Carnivores sprang from the same vegetarian 
swamp -dwelling stock, and the early representatives of both are much 
alike, though the latter already began to exhibit those characters of limbs 
and teeth that are associated with the carnivorous habit. 

The limbs of Ungulates have become structures adapted to rapid 
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and that only; their teeth and other digestive organs have 
high degree of specialization in relation to vegetable food, 
have necessarily evolved in such a way as to become destructive 
)f high order. Rapid movement is, of course, necessarv' for 
is largely supplemented by craft and intelligence; hence the 
lecome relatively larger and more complex than in Ungulates, 
mbs liave to be u.sed for seizing, holding, and the like, retention 
is essential, and though a tiptoe (digitigrade) attitude has been 
y many (larnivores, the large reduction of digits and fusion 
ideal for Ungulatc.s could not take place in Carnivores. And 
evolved instead of hoofs. 



The teeth of Carnivores have acquired marked peculiarities in rela- 
;ion to food. The inci.sors arc small, but the canine.s are sharp tusks, 
iuitable for seizing and holding prey. The cheek-teeth have become 
aterally compressed, with cutting crowns, while each last premolar above 
incl first molar below have developed into much-enlarged “flesh teeth” 
Tarnassials) working against each other like scissor-blades. 

VVe will now briefly consider the pedigrees of the chief carnivorous 
families, i.e. Dogs (Canidm), Bears (Ursidie), Badgers (Mu.stelicke), 
Civets (Viverridm), Hyienas (Hycenidie), Cats (Felida;), and the extinct 
Sabre-toothed Tigers (Machairodontida;). . ■ 

Dog Family (CaniD/E). — This includes dogs, wolves, jackals, and 
foxes, the most primitive existing members of the order. First known 
from the Upper Eocene of Europe, they had become abundant by Miocene 
times both in the Old World and North America. An extinct form 
{Crnodiciis) from the Upper Eocene and Oligocene of France connects 
them with Civets and Badgers, while a complete series of extinct types 
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{Cephalogalc, Simocyon, Aniphicyon^ Heviicyon, Hyceuantos) unites them' 
with the Bears. 

l^EAR I'amily (UrsiD/E). — From Blei-stocene times Bears have 
rant>ecl all over the world, New' 
Zealand and the Australian region 
excepted. The most intere.sting 
extinct species of fairly recent 
times was the huge European 
Cave Bear {Ursus spelceiis\ the 
remains of which abound in the 
English and Welsh caves. The 
family was of Eurasian origin. 
The oldest types were purely car- 
nivorous, but some existing species 
affect a mixed diet, 

Badger Famiey (Mustei,- 
ID.-e).' — -The badgers, weasels, and 
_ others here included are common 

"(After w. ». Mattiiew.) ’ in the Northern i-Iemi.sphere. 

Their first representatives occur 
in the Upper Eocene of Europe, from which continent they migrated 
into Asia and North America, ultimately reaching South America at the 
end of the Pliocene period. 

Civet Family (Viverrid/E). -r- The civets, ichneumons, &c., con- 
stituting this group, are 
comparatively primitive in 
structure, and purely Old 
World in distribution. The 
type genus ( Vivcrra) has 
undergone but little modi- 
fication since late Ivocene 
times (fig. 372). An ex- 
tinct genus {Ictitheriiun) 
from the older Pliocene of 
Europe and Persia con- 
nects this family with the 
next one. 

HY/ENAS (HViENIDA!). 
— The members of this 
essentially Old World 
family are distinguished by 
i-v,Theaigiis.^smm.b™u. rf.. cinvicie; their extremely powerful 

’ ’ jaws and teeth, which easily 

crush bones. Undoubted hya;nas date from the Older Pliocene strata 

of Greece, Per.sia, and India, where links between them and Ictitherium 
are also found. The Cave Hyicna {Hymia spehea) was common in Eng- 
land and Wales during the Pleistocene period. 

Cat Family (FeliD/E). — This group embraces lions, tigers, leopards. 




in Europe (including Britain) during the Pleistocene, and it was probably 
a large variety of the ordinary lion (^Felis leo). 

SABRK - TOOTHED TiGER FAMILY (MACHAIRODONTIDAi). — The 
members of this group include the most specialized Carnivores. Their 
name is derived from the huge saw-edged upper tusks, to use which the 
mouth had to be opened very widely (fig. 374). The ancestral forms 
of the family have been discovered in the Oligocene of France and North 
America, The sabre-toothed tiger itself {Machairodus) first occurs in the 
Ih-ench and German Miocene. During the Pliocene period it spread over 
Europe (including England), Persia, and India, while in Pleistocene times. 


and various smaller forms, representing the highest existing Carnivore.s. 
Extinct Miocene types connect them with the civets, as does a remarkable 
creature {Cryptorroetd) still living in Madagascar (fig. 373). The family 
appears to have originated in luirope during Miocene times, and reached 
North America at the end of the Pliocene period, subsequently extending 
its range to .South America. Tlie Cave Lion {Felis spclccd) abounded 
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when the largest species lived, it reached both North and South America 
Why tliese creatures should culminate and become entirely extinct in the 
prehistoric period is difficult to explain. Probably they suffered the penalty 
of over-specialization. 

Insect-eating Mammals (In,sectivora). — The.se small and primitive 
creature.s, including hedgehogs, shrews, and moles, bear much the same 
relation to Carnivores that Rodents do to Ungulates (cp. p. 198). Th.ey 
have e.xisted without much change from the Eocene period. 

Bats (ChiroptERA). — The membens of this family probably represent 
an offshoot from Insectivores, but the stages in their evolution are un- 
known. For the oldest fossil bat (Upper Eocene of France) po.ssessed 
fully developed organs of flight. The wings (fig. 375) are cpiite different 
from those of Birds and Flying Reptiles, being membranes supported U' 
the elongated fingers, but were probably first evolved as parachutes 
(cp. pp. 160-161). 

Lemurs, Monkeys, and Men (Primate.s). — Human beings ex- 
cepted, the members of this family are tree-dwellers, with e.xtrernities 
adapted for climbing, and a fairly primitive dentition .suited to a voige- 
tarian or mixed diet. Their .success in the struggle for e.xistence has been 
mainly due to a highly developed brain and care of young to an unusual 
extent. 

Le.mur.S, the lowest members of tlie groui) (fig. 376), arc small arboreal 
animals of nocturnal habit, now limited to Madagascar, Africa, and .South 
Asia, In the two latter areas they are but scantily rcpre.seuted liere and 
there. During the Eocene period lemurs were widely distributed through 
Europe and North America, but became extinct in those continents in 
the early Miocene, probably owing to competition with the more highly 
organized monkeys. A Mascarene lemur {Mfgalath/pL^, that probably 
became extinct in late historic timc.s, was non-arboreal, po.ssibly aquatic, 
and as large as a small pony. 

Monkeys are first known from the Middle Miocene. They are dis- 
tinctly higher than lemurs, especially as regards size and comple.xity 
of the brain. 

The evolution of Man, and his relation to lower forms, are dealt 
<ivith in the section on Anthropology. 
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occasionally been made by the Government for particular purposes, notably 
the exploration of the North and Baltic Seas by S.M.S. Pomerania in 
1871-2; the Plankton Expedition of 1889, when biological surveys of the 
North Sea and Atlantic were made; the Valdivia Expedition of 1S90; and 
more recently the German Antarctic voyage of the Ga/iss. The fisheries 
have also been investigated from a statistical standpoint, the number of 
fishermen and fishing boats, the quantity and variety of fish landed in the 
course of commercial operations at the different ports all being carefully 
recorded. Daily records were also kept of the physical condition of the 
sea water. After these statistics had been accumulated for a number of 
years a comparison of the productivity of an eciual area of land and water 
became possible, and it was found that the sea is from 0.2 to 0.48 times as 
productive as an equal area of cultivated land. The spawning places of 
the herring of the Western Baltic were soon discovered at the mouth of the 
river Schlei, where the eggs were found to be adhering to a fresh-water 
plant (Potamogeton). The actual process of spawning was observed, and 
the development of the young herring elucidated. I'rom 1877 to 1881 a 
careful study of the variability of the herring was made by Meincke; it 
was previously known that the herring has two chief spawning periods, 
in spring and autumn, and considerable difference of opinion existed as to 
whether these two groups of herring were two distinct races, and if so, 
whether these races exhibited any morphological differences capable of 
measurement. Heincke believed that he was able to answer both these 
que.stions in the affirmative ; but more recent investigation of the problem 
shows that his results require further confirmation before they can be 
finally accepted. A systematic treatise on tlie fishe.s of the Baltic was 
published about this time, and the detailed study of the “ Plankton” com- 
menced (.see p. 221), 

At the outset sea- fishery investigations were supported by Prussia 
alone, a yearly grant of £750 being made. Each member of the Com- 
mission received an annual salary of ;^45, that of the president being 
double the amount The greatest drawback to the work of the Com- 
mission was due to the fact that they possessed no vessel of any descrip- 
tion, not even a rowing boat. Consequently a considerable portion of their 
slender funds was absorbed in the chartering of vessels. That so much 
has been accomplished with such limited means is attributed by Professor 
Brandt, one of the present members of the Commission, to the fact that 
they have never been interfered with in their scientific work. It is no 
exaggeration to say that the work of the Kiel Commission is a model of 
what fishery inve.stigation should be, and its members (Hensen, Brandt, 
Reinke, Krummel, and Heincke) have acquired a world-wide reputation 
for the thoroughness of the re.searches carried out by them and their 
assistants. Previous to the founding of the Kiel Commission the scien- 
tific investigation of marine phenomena had been due to the efforts of 
isolated individuals; and though in the majority of cases not undertaken 
with the special object of acquiring information respecting the development 
and life-histories of marketable marine fish, nevertheless in several instances 
valuable facts had been established. 
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I^ISU Lggs. — In 1864 Professor G. O. Sars, of Christiania, discovered 
that the of the cod were small round transparent bodies which floated 
at or near the surface of the sea, and he successfully traced the develop- 
ment of the youn5>- fish both inside the egg and whilst in its larval con- 
dition after hatching. It had previously been the general opinion, both 
among fi.shenrien and others, that the spawn of sea fish, like that of salmon 
and other frc.sh-water sjoccie.s, was heavy and sank to the bottom, there to 
undergo its development. Consequently complaints were numerous as to 
the de.struction caused by the method of fishing: known as. trawling— a 
metliod involving the dragging of a heavy net over the sea bottom-^and 
at various times the British Government was urged to legislate against this 
method of fishing. The remarkable discovery of Sai'S of the pelagic nature 
of the eggs of the cod has since been confirmed and extended to other 
species of .sea fish, and it is now known that nearly all edible sea fish have 
pelagic or buoyant eggs, the only notable exception being the herring. 

The practical importance of Sans’ discovery is very considerable, since 
at least three h'i.shery Commissions appointed by the British Government 
were largely concerned with the alleged destruction of spawn and fry of 
fish by the trawl. The famous Royal Commission of 1 863 was the first 
of the.se. Numerous complaints as to the destructive action of the beam 
trawl were made to this Commission, and in particular it was stated that 
incredible quantities of the spawn and fry of sea fish were destroyed by 
this method of fishing. It does not appear that the Commissioners (who 
reported in 18C6) were aware of Sars’ discovery, although they stated that 
“the statement that the beam and net of the trawl dragging along the 
ground tear up and destroy the spawn of fish has not yet been justified by 
any evidence adduced 

In 1878 the Plome Secretary appointed a Commission which was 
largely concerned with the same problem. Its report was, like that of the 
preceding Commission, against the allegation of the destruction of spawn 
by the trawl. In appendices by Frank Buckland are to be found interest- 
ing observation.s as to the spawning habits and eggs of sea fish, in which 
reference is made to Sars’ discovery. The year 1883 saw the appointment 
of the Trawling Commission, and again a number of unhesitating assertions 
were made as to the destruction of spawn by the passage of the trawl. By 
thiis time the work of Sars was better known; and, moreover, his obser- 
vations had been confirmed and extended, notably by Professor Spencer 
Baird of the United States Fish Commission, and also by Professor 
M'Intosh, who was specially appointed by the Commission to make a 
.series of scientific investigations. This piscatorial myth was thus finally 
disproved, though it is still an article of faith with many non-trawling 
fishermen. 

UniteT) States Fish Comwlssion. — A year after the establishment 
of the Kiel Commission the United States Government established their 
Fish Commission, the original object of which was “to prosecute investi- 
gations on the .subject (of the diminution of valuable fishes), with the view 
of ascertaining whether any and what diminution in the number of the 
food fishes of the coast and the lakes of the United States has taken place, 
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and if so, to what causes it is due; and also whether any and what pro- 
tective, prohibitory, or precautionary measures should be adopted in the 
premises, and to report upon the same to Congress”. A commissioner 
of recognized .scientific attainments was appointed, and the work of the 
United .States Fish Commission has been carried on s3'.stematically and 
uninterruptedly since its establishment. Its work has arranged it.self int<r 
three main groups: exploratory, statistical, and piscicultural. 

The exploratory work included a detailed investigation of the marine, 
lacustrine, and fresli-water fisheries of the United States, and more recently 
of foreign countries, and incidentallj'- the collection of zoological and 
botanical specimens for faunistic and museum purposes. The statistical 
branch is naturally concerned with the collection of commercial fishing 
statistics, special attention being paid to the destruction caused by various 
methods of fi.shing with the view of ascertaining whether overfi.shing 
exists, The third branch, that of fish culture, though not originallj- 
contemplated by Congress, ha.s developed to a vciy considerable extent. 
The propagation and acclimatization of fresh- and salt-water fish is the 
main object of this third section of the Commission’s work. No efforts 
have been spared by the United States authorities to make their Fish 
Commission — what it is undoubtedly to-day — the finest in the world. 
European efforts pale into insignificance when compared with the mag- 
nificent equipment provided for the United States sar-ants. 

In the report of the United States Commissioner of Fisheries for the 
fiscal year 1907 a detailed account of the present work of the Bureau 
(as it is now called) is given, That year was a successful one as regards 
fish hatching, In the rivers of the Atlantic seaboard shad, salmon, striped 
ba.s.s, white lierch, and yellow percli were planted; in the streams of the 
Pacific coast quinnat salmon, bhieback salmon, silver salmon, humpback 
salmon, and steel h eads ; the Great Lakes were stocked with white-fi.sh, 
lake herring, lake trout, and pike perch ; the numerous interior lakes, 
pond, s, and streams were enriched witli land-locked .salmon, rainbow' trout, 
black spotted trout, brook trout, grayling, and other species; :i.ncl in the 
waters of the north-east coast the supply of cod, pollack, flat fish, and 
lobster was increased. Over 3,511,000,000 fish fry and eggs were planted, 
an amount which has only once been exceeded (in 1902), The eggs and 
fry are distributed by means of special cars, of which six were at work 
during 1907; these cars travelled in the aggregate over 83,000 miles, 
Upwards of 3|- million egg.s, largely trout and salmon, w'cre presented to 
various foreign countrie.s, including France, Japan, and New Zealand. 
The appropriations for expenses tduring the fiscal year 1907 amounted 
to w'ell over; 1 30,000. The detailed i-eports published by the Bureau 
contain paper-s of a very' diverse nature, as will be seen from a few of 
the titles selected from a recent volume; “Gas Disease in iMshos”, 
“ Sewage Contamination of Oyster Beds ”, “ The Life-IIistory of the Blue 
Crab”, “The Crab Indu.stry of Maryland”, “The Commercial Fisheries of 
the Hawaiian Islands”, &c. 

Scottish Fisherv Board.— The next important organization in 
point of seniority is the Irisheiy Board for Scotland. In its original form 
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“1 he Board of British White Herring Fishery ’h was established in the 
first decade of the nineteenth century; this body was, however, dissolved 
by the Fishery Board (Scotland) Act of 1882, and the present Fishery 
Board took its place; and shortly after this the scientific side of the Board 
was properly constituted (1886). 

Previtnis to the latter date various investigations had been started by 
the Board, and some of these yielded results of considerable economic and 
scientific interest. Researches into the natural history of the herring and 
sprat, with which the names of Goodsir and Wilson are associated,^ were 
carried on from 1843 to 1847. The experimental work of Professor 
y\llman (between i860 and 1863) into the effects of trawling also yielded 
re.sults of importance. The demersal nature of herring ova wa.s confirmed, 
and the period of incubation was established. The spring and autumn 
.spawning seasons on the Scotti.sh coast were also observed. Some minor 
investigations lead us on to 1882, when Professor Cossar Ewart was 
appointed a member of the Board, and to his efforts the organization of 
the scientific side of the Board’s work is due. In 1886 the Board received 
a grant from the Treasury which enabled it to purchase a steamer, the 
Garlavd, and since that date the scientific work of the Scottish Fishery 
Board has continued to increase in importance. At first the major portion 
of the work of the Board was carried out at sea on the Garland, though 
a good deal of the material collected was investigated at laboratories not 
under the control of the Board. The Board’s marine laboratory was 
erected at Tarbert, on Loch Fyne, but it was subsequently destroyed by 
fire. In 1893 a laboratory and sea-fish hatchery were erected at Dunbar, 
and finally the present laboratory and sea-fi.sh hatchery were established 
at the Bay of Nigg, near Aberdeen. To treat in detail of the scientific 
work of the Scotti.sh Fishery Board is beyond the scope of the present 
article. It may, however, be stated that many valuable reports — some of 
economic and others of more purely scientific interest — have been pub- 
lished since 1886. Investigations into the rate of growth of fishes, the 
determination of the size and age at which spawning first occurs, the 
e.stimation of the number of eggs produced by the adult females of the 
various species, the migratory movements, the incidence and duration of 
the spawning period, the distribution of fish with respect to seasons,, and 
the food of the commoner species have all been duly^ considered, Faun- 
istic investigations of less general interest, the collection of commercial 
fishing statistics, and the. hatching of sea fish are likewise Undertaken by 
the Board. : ; ^ 

The annual report of the Board (Part III, Scientific Investigations) for 
1906 will give the reader a good idea of the scientific work now being 
carried on. During the year plaice fry were dealt with at the hatchery, 
and over 4| million were successfully hatched out and placed in the sea. 
Owing to a serious accident, involving loss of life, to the vessel engaged 
in this work, the number for 1906 was much less than usual. In 1902, 
for instance, over 55 million fry were hatched and “planted” in the sea. 
In accordance with an arrangement with certain of the Scottish County 
Councils, the scientific and technical instruction of fishermen has been 
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undertaken. A typical report (that for 1905) deal.s with trawlinf^ in- 
vestigations, with investigations on the herring fisheries of the Firth 
of Clyde, with the food value of the herring at different stages of its 
development, with the rate of growth and age of the herring, with the 
rate of growth and age of food fishes, with the Tay sprat fishery, the 
specific characters of the cod family, the otoliths of fishes, and other 
matters. 

IfNGLISH ReskarcH.— England, unlike German}-, the United States, 
and Scotland, has no central organization for the pro.secution. of scientific 
research on marine problems connected with the sea fisheries, but there 
are several societies or committees which have done good work in the 
past in this connection. The Marine Biological 7 \ssociation of Plymouth 
was founded in 1884, and its laboratory opened in 1888. The declared 
objects of the founders of this Association were, “ to promote researches 
leading to the improvement of zoological arid botanical science, and to 
an increase of our knowledge as regards the food, life-conditions, and 
habits of British food fishes and molluscs ”. The Marine Biological Asso- 
ciation is a body which has done excellent work in the promotion of 
research in pure science and the .special education of university students 
in methods of marine investigations — both biological and physical; and 
it has incidentally been of assistance in throwing light upon certain 
problems connected with the sea fisheries. More recently this 7 \sso- 
ciation has been closely connected with the International Council for 
the exploration of the seas, but this will be referred to later. In 1886 
the Association received a grant of ;i£'sooo from the Treasury toward.s 
the construction of their laboratoiy, and in addition from 1888 to 1S91 
an annual grant of ;^soo, raised in the latter }'’ear to ;£iooo. 

Cunningham in his work on Marketable British Mat-ine Fishes says: 
“ Besides the investigations noted in the present chapter, which have 
contributed largely to our knowledge of food fishes, the Plymouth 
Laboratory has to reckon, as a no less important outcome of its activity, 
a long list of scientific memoirs on the embryology and anatomy of marine 
organisms of all kinds, the result of researches made within its walls by 
British and foreign naturalists who have availed themselves of the facilities 
for study there provided ”. 

On the West Coast the Lancashire and Western Sea Fisheries Joint 
Committee have established and maintained two laboratories, one at 
the University of Liverpool (since 1892), and the other at Piel near 
Barrow in Furness (since 1897). With the latter institution a sea-fish 
hatchery is connected, where about fourteen million plaice and flounder 
larvm are hatched annually and liberated at suitable localities in the 
vicinity. Seventeen annual reports of the Lancashire Sea Fisheries Labora- 
tory have been issued, that for igo8 being the seventeenth. The Com- 
mittee possesses a large and powerful steamer, built at Dartmouth in 
1907, which is specially equipped for marine invc.stigations. 

Since its establishment under the provisions of the Scca Fisheries 
Regulation Act of 1888, this Committee has realized that sound ad- 
ministration and effective legislation must be preceded by accurate scicn- 
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tific research. In addition to hydrographical and biological investigation 
undertaken at the expense of the rates (a maximum rate of one-sixteenth 
f)f a penny in tire £ is allowed under the order establishing the district; 
of which three sixty-fourths are usually allotted to administration and 
one sixty-fourth for scientific research), similar to that undertaken by 
state aid elsewhere, the Committee does other scientific work with its 
•scientific allowance. Clas.ses for fishermen are held during the spring 
month.s at their marine laboratory at Piel. Bona fide fishermen resident 
in the administrative county of Lancaster are selected to attend instruction 
of a fortnight’s duration, an honorarium being granted them for their ex- 
penses and as compensation for the loss of their fortnight’s fishing. The 
instruction, which is essentially of a practical nature, is mainly intended 
to bring home to the fishermen the rationale of the Committee’s by-laws. 
These classes have recently been olificiall}' recognized by the Board of 
ICducation. The laboratory is also available for instruction of elementary 
and secondary teachers in the elements of marine nature study, and the.se 
cla,sses are likewise recognized by the authorities at South Kensington. 
Research students are admitted free, the only charge made being a modest 
week'ly sum for board. The protection and development of the valuable 
.shell-fisheries of the West Coast are also objects of the Committee’s solici- 
tude. Under the provisions of the Sea Fish (Shell-fish) Regulation Act of 
1H94 the stocking and re-stocking of public shell-fish beds has been under- 
taken, with the result that great benefit has been derived by the poorer class 
of fi.shermen. Periodical bacteriological examination of shell-fish beds in 
tlie intere.st of public health are also made, and although the Committee 
(not being a public health authority) possesses very limited powers of 
checking pollution, it is hoped that an improvement will shortl}' be 
effected in this direction. 

On the East Coa.st of England the Northumberland Sea Fisheries 
Committee established a marine laboratory at Cullercoats, which was 
destroyed by fire, and has only recently been i-eplaced by a new build- 
ing. An annual report on the scientific investigations carried on under 
the auspices of the Northumbrian Committee is edited by Mr. A. Meek 
of the University of Durham. The scientific work carried on by the other 
fishery committees is inappreciable in amount. 

Irish Research. — Ireland has only recently commenced to explore 
her fishing grounds from the scientific standpoint, but much good work 
has been "’done during the last few years by the young and vigorous 
I'ishcries Branch of the Department of Agriculture and Technical In- 
.struction under the able superintendence of Mr. E. W. L. Ilolt. The 
Department was rendered possible by the provisions of the Agriculture 
and Technical Instruction (Ireland) Act of 1899, and research is now 
carried on strenuously both at .sea on the fishery steamer Hdgn, and 
on sliore at a laboratory on the coast of Galway; a voluminous report 
of the scientific investigation.s being i.ssued annually. It must not, how- 
ever be imagined that the scientific study of the Irish coasts had been 
entirely neglected previous to 1899. Both the Royal Iri.sh Academy 
and the Royal Dublin Society had instituted surveys of the West and 


2i6 science and the SEA FISHERIES 


South coasts with the view of ascertaining the possibility of establishing 
definite fisheries in those localities. The Rev. Spotswood Green, at present 
Chief Inspector of Fisheries for Ireland, was the first naturalist engaged 
in this work. The report of the Royal Dublin Society for 1893 contains 
a valuable account of fishing and scientific explorations off the West 
■■coast. ■■■'■'. 

Other Countries.— In addition to the organizations mentioned above, 
many of the other North European countries followed the example set 
by Germany in 1870, and subsidized scientific investigation of the Fisheries 
either directly, or indirectly by means of grants to learned societies. Our 
space does not admit of even a bare enumeration of much excellent work 
accomplished in this manner by Norway, Sweden, Denmark, Holland, and 
Russia. Up to 1899 these nationalities were working independently, 
the natural consequence being a certain amount of overlapping and con- 
fusion. 


CHAPTER II 

THE INTERNATIONAL INVESTIGATIONS 

In the year 1899 the Governments of Germany, Denmark, Great 
Britain, Holland, Norway, and Russia were invited by the Swedish 
Government to send delegates to a Conference at Stockholm, which was 
convoked "to elaborate a plan for the joint exploration in the intere.sts 
of the sea fisheries of the hydrographical and biological condition.s of 
the Arctic Ocean and the North and Baltic Seas”. A subsequent 
Conference was held at Christiania in 1901, and as a re.sult of the 
reports of the delegates attending these Conferences the British Govern- 
ment was induced to enter into an arrangement with some of the other 
nationalities of Northern Europe for the exploration of the North and 
neighbouring seas from a hydrographical and biological standpoint, with 
the view of solving certain problems connected with the sea fisherie.s. , A 
permanent International Council was formed, consisting of two representa- 
tives of each participating' nation, and at the first meeting of the council, 
held at Copenhagen in 1902, it was decided to establish a central office at 
Copenhagen and a laboratory at Christiania. In addition, each country 
agreed to provide a special steamer, with the apparatus necessary for 
marine research, and to furnish and maintain one or more marine labora- 
tories on land rvhere the observations and collections made on board the 
steamer might be worked out in detail. 

The conduct and management of the British share of the investigations 
was entrusted to the Fishery Board in Scotland and the Marine Biological 
Association of Plymouth in England, each of these bodies being granted 
an annual sum of £5500 for their expenses incurred in and for these 
investigations. In Scotland tlie observations at sea were carried out on 
two vessels, H. M. S, Jackal^ which' was mainly employed in making 
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periodical or aeasonal cruises for hydrographical purposes, and the Gold- 
seeker, a steam trawler altered in order to fit her for scientific work. 
The collections were worked out in detail at Dundee in the laboratory 
of the University, and at Aberdeen under the able direction 'of Dr. T. 
Wemy.ss Fulton, superintendent of scientific investigations to the fishery 
Board, at the Board’s laboratory at the Bay of Nigg. In England the 
work at sea was carried out on a modified steam trawler, the Huxley, 
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and a small steam yacht, the Oithona,Xh& propert)^ of the Marine Jliulogical 
Association. The details were worked out at the Association’s laboratories 
at Lowestoft and Plymouth. The areas investigated by the different 
nationalities may be seen on reference to the chart (iig. 377). 

A detailed account of the personnel, regions of investigation, in.stitu- 
tioris, and steamers is given in the reports of the Britisli delegates 
attending the meetings of the International Council for the Exploration 
of the Sea in 1903. 1904, and 1905 (Cd. 3033, pp. 13-31). The original 
arrangement entered into by Great Britain was to participate in these 
observations for a period of three years only. This was subsequently 
extended to five years, then to six, and in March, igo8, the Government 
decided to continue their grant for the financial year 1908-9; though 
in the meanwhile a Treasury Committee had been appointed (October, 
1907) “to inquire into the scientific and statistical investigations now 
being carried on in relation to the fishing industry of the United 
Kingdom, and to report what work of this character is required in 
the interests of that industry, and by what methods or agencies it can 
be most usefully and economically carried out in future”. 

The principal endeavours of tlie International Council were: — 

I. The investigation of hydrographical conditions; 

II. The study of the biological conditions of the seas; and 

III. "The .solution of the problem how far the deep-sea fishery a,s 
a commercial industiy stands in general on a rational basis; whether 
the quantities and consumption of fish taken from the seas mentioned 
(the North and neighbouring .seas) are in a proper proportion to the 
production occurring under the pi'evailing natural condition.s ; and whether 
any di.sproportion between production and consumption arises from a 
general or local overfi.shing or from an injudicious employment of the 
fishing apparatus at present in use.” 

One of the first duties of the International Council was to appoint 
committees of experts to inve,stigate specific problem.s. One such com- 
mittee was formed to supervi.se the hydrographical observations; another 
undertook to look after the migrations of the m.ost important food fishes 
of the North Sea, especially the cod and herring; a third investigated 
the biology of the plaice and other flat fish captured bj' the trawl u’ith 
•special reference to overfishing; and there was, finally, a committee for 
the fisheries of the Baltic. Each committee was in charge of a convener, 
whose duty it was to collate such information and reports as might be 
from time to time communicated to him by the members of his committee; 
to draft an annual summary of their results, and after consultation with 
his colleagues to forward the version authorized b)' them to the bui-eau 
of tlie International Council. The reports before publication would be 
submitted to a full meeting of the Council for discussion. 

Natural!)' much of the-work of the International Council is incomplete. 
The investigations are still going on, but the annual reports already pub- 
lished furnish us with much material which can be incorporated into the 
detailed statement below. 

The Hyeroghaphical Work. — ^O f recent ])'ears considerable atten- 
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tion has been devoted to the study of hydrographical methods in fisher\- 
rcsearch. I.h<^c mctliods, wliich were first brought into prominence bv 
the famous Uiallen}!;er expedition, have now been perfected, or at anr 
rate improved to a very considerable degree, and they have been and 
arc used extensively not only by the Internationar Council but by other 
societies engaged in marine research. These hydrographical investigations 
h;u-c lor their object the determination of the chief physical characters 
of the sea water in the different regions of the extensive area shown in 
■fig.':377- " ■ . 

The characters which are of importance in tracing the movements 
of large masses of sea water are the 

temperature, salinity, density, and the ' i U l 

gaseous contents, these latter being I ! ' 

chiefly oxygen, nitrogen, carbon dh ' ' // ' 

oxide, and sulphuretted hydrogen. ; Jj 

The principal instrument used in col- ; jj m 

Iccting representative .samples of sea \ fl fil 

water is the Petter.sen-Nanscn water // 

bottle (fig. 378). The perfection of 

this instrument is " not the least credit- ■ ' 48^1 ■ . . ^ ^ 

able” of the work of the International ||Hi 

Council. The *' bottle ” affords an j 

almost jiierfect meams of collecting 1 i 

.samjfics of water from the sea bottom i 

or from any reejuired intermediate 

depths, and at the same time the 

temperature w siiu is accural 

recorded. It consists of a cential 

chamber in which is fixed a delicate 

deoji-sea thermometer. Round thi.s 

central chamber arc a number of 

concentric cylinders of ebonite and 

brass. The bottle i.s loivered in an rig. 378.-PeuMi«n-N;iiib<iu water umtie 
open condition, and when the re- 
quired depth i.s reached it is closed by means of a “messenger”, a weight 
which slides down the line to which the bottle is attached. Both the 
central and concentric cylinders arc then filled with the water present 
at the depth to which the instrument was lowered; the thermometer 
registers the temperature of this water in the central chamber, and being 
surrounded b)' three or four concentric shells of water, heat is only very 
slowly conducted in eitlicr direction through these ivalls of water. While 
the bottle is being hauled through the water the temperature does not 
apju'eciably rise. The .salinit)-, that is the weight of solid saline mattcr 
per thousand grammes of water, is subsequently determined at one of 
the shore laboratories. What is actually performed is an estimation of 
the percentage of the halogens present by precipitating these substances 
by nitrate of silver. The total solids in solution are then calculated by 
means of hydrographical tables. By means of these data it becomes 
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poHsible to trace the movements of large bodies of salt water and to 
determine at given seasons whence the water in our seas is derived. 
The movements of shoals of fish are certainly correlated in some manner 
with the movements of vast masses of Avater of a certain t.emi.>erature 
and density. The anchovy fisheries of the Scheldt fluctuate with the 
•sea temperature, and the arrival of the autumn herring off tlic IS’orwcgian 
coast corresponds with the appearance of water of high temperature and 
medium salinitj^, . 

The international investigations have already .shown that the Atlantic 
current which bends around our Northern coasts into the North Sea is 
marked by an annual pulsation intensified in the earlier and shrinking 
in the later months of the year. This periodic phenomenon may at 
times be obscured or interrupted, as -was the ca.se in the autumn of 
189s, when the whole of the north-western part of the North Sea wa.s 
flooded by Atlantic water. Considerable additions have been made to 
: our knowledge of the remarkable mass of cold water which i.s found at 
the bottom of a large area of the northern North Sea; this water, unlike 
that in shallow seas, attains its maximum temperature nearly in mid- 
winter. Another periodic phenomenon noticed in tlic North Sea is the 
annual expansion and contraction of coast water of low salinity. This 
water, rvhich is confined to a narrow zone in midwinter, spreads rapidlj'- 
seawards in spring and summer, and doubtles.s play.s an important r 61 e 
in the dissemination of the organisms which are found floating in the 
sea (Plankton). 

In the English Channel, owing to the rapid and complex tidal .stream.s 
which occur in a somewhat limited area, the conditions are more com- 
plicated and difficult to investigate. It is claimed that the hydrographical 
observations during 1903 show that the direction of the flow of the waters 
of the English Channel was from west to ea.st, and that they were derived 
from a northeidy current of high salinity from the Bay of Biscay and 
from a southerly current of less salinity from the Irish Sea and Bristol 
Channel. The meeting place of these waters is stated to be south of 
the Scilly Islands in mid-channel, and it was generally found that the 
salinity of the water increased as this point was passed from we.st to 
east. Because of the varying salinity and temperature of these two 
currents, it has been found that at the entrance to the Channel the water 
is often divided into distinct layers, whilst the changes of their relativ'C 
velocity, combined with the general up-channel drift, give rise to alternate 
areas of high and low salinity which follow one another eastAvard. On 
the line between the Isle of Wight and Cape Barfleur the salinity 
was always found to be low— -a state of things probably due to the 
discharge of fresh water from the Seine and the Hampshire Ba.sin. 
The presence of den.ser water south of Beachy Plead points to the 
occa.sional passage of a current of high salinity across this line. The 
conclusions derived from a study of this area during 1903 are that the 
Channel AVaters in the summer and early autumn were derived largely 
from the Irish Sea, while during the rest of the year the high-salinity 
water of the Bay of Biscay preponderated, 



i he dctcrininatiou of surface and bottom currents is accomplished 
by means of^ drift bottles. For surface currents short -necked strong 
bottles aic weighted with a small quantity of sand, so that when immersed 
they float with a.s little of the neck protruding as possible (to obviate 
wind effects). Each bottle has enclosed in it a stamped, addressed, and 
numlx-red postcard, requesting the finder ,to forward it with information 
a.s to date and place of fincling. The bottles are made water-tight by 
Gov'Gring the cork with paraffin wax, and are thrown overboard at intervals 
from the scientific steamer, which makes a special journey along previously' 
selected iinc.s. Ihe velocity of the steamer being knowiii the points at 
which the bottles are dropped can be marked on a chart, and when the 
postcards arc returned to the laboratory the journeys performed by the 
bottles can be traced. It has been found that in a somewhat circumscribed 
area such as the Irish Sea, from thirty to fifty' per cent of these drift 
bottles are picked up and the po.stcards returned. 

The International Council has I'ecently investigated deep-sea, /.t'. bottom 
currents, by means of drift bottles so weighted and balanced as to hang 
just poised over the .sea bottom, drifting with the currents. Five hundred 
of these bottles were cast out in the northern part of the North Sea 
during the latter half of 1906, and by>' January, 1907, ten per cent had 
been recovered and returned bj' the captains of trawlers. This experi- 
ment i.s to be repeated on a much larger scale. For the present it must 
suffice to say that the bottom currents in the region investigated set west- 
ward through the Fair Isle Channel, southward along the East Coast of 
Scotland, ;uk1 northward in the region midway between our own and the 
Norwegian coa.st.s. 

Tin: Plankton. — The term "Plankton” is applied to those marine 
organisms which merely drift, and are consequently at the mercy of wind 
and tide; animals like fish and mammals which are capable of swimming 
and of making headway against a current are termed “Nekton”; whilst 
fixed organisms such as sea- lilies (Crinoids) are grouped together as 
“Benthos”. Upon the planktonic plants, as will presentl)’- be shown, all 
marine life ultimately' depends, and apart from many features of scien- 
tific interest, the determination of the constituents of the plankton and 
its seasonal variation is a matter of considerable practical importance, 
since it serves directly as the food supply of some of our most \'aluable 
commercial fishes, notably the herring, anchovy, mackerel, pilch'ard, and 
sprat. These plankton-feeders possess comb-like structures attaclied to 
the gills. These structures, the so-called gill-rakers, act as strainers. 
During respiration sea water is taken in through the mouth and passed 
out over the gills, and at the same time the minute organism,s present 
in the water arc retained by the gill-rakcrs whence they are brushed off 
by the fish’s tjngue and swallowed 

The nature of the plankton is now fairly accurately known, it.s organ- 
isms have been identified and described, and' more modern research has 
been directed to its quantitative estimation, to its chemical analysis, and 
the determination of its seasonal variations. Most marine groups of 
organi.sms are represented at some stage or other of their life-history 
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in the plankton. Minute plants* such as diatoms; organisms which are 
doubtfully vegetable or animal, such as some of the Pcridinem and 
numerous representatives of the Crustacea, mollusca, and worms, are all 
met with. In addition, the free-swimming larva; of Crustacea, such as 
the crab and lobster; of molluscs, such as mussels, cockles, and oysters, 
and the eggs and young of our edible fish, are represented at certain 
seasons of the year. Plankton is collected by means of fme-meshed 
nets of maslin or silk bolting cloth; these nets are known as tow-nets, 
becau.se in their original form 
they vvere towed horizontally 
through the surface layers of 
water. In recent years attention 
has been concentrated on the 
accurate determination of the 
plankton in a given volume of 
.sea water, and for this purpose 
many nets have been devised, 
the most successful being tliat 
of Hensen (fig. 379). 

This net in the shape of an in- 
verted truncated cone is lowered 
vertically to a given depth and 
then raised perpendicularly to 
the .surface, so that it fishes 
through a cylindrical column of 
water, the volume of which can 
of course be calculated, since the 
area of the mouth of the net i.S - 
known, as well as the depth to 
which it was lowered. The cor- 
rect estimation of the volume of 
water fished through is not such 
a simple matter as might appear 
at first sight. Various difficul- 
ties and objections which arose 
have been dealt with and. an- 
swered in detail, more particu- 
larly by Hensen and Brandt Assuming, then, that it is possible to com- 
pletely fish through a known volume of sea water, it becomes pos.sibIe to 
determine the productivity of the sea and to compare it with a similar 
l area of land, .surface. ■. 

As an example of the application of the quantitative plankton method, 
one may quote the determination of intensity of fishing that was made 
some years ago in the case of the Eckenforde fishery in the West Baltic. 
Professor Hensen first of all made a large number of observations with 
the quantitative plankton net in that area (about 16 square miles) of the 
Eckenforde waters, where a commercial fishery for cod and plaice is carried 
on. By means of this net an estimate of the average number of floating 
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e"gs of these two species was made; and it was found that tiiere are in 
January an average of 30, in February from 45 to 50, in March at least 
60, and in April 50 floating eggs of cod and plaice per square metre 
of surface (with an average depth of 20 metres). These eggs take on 
the average 15 days to develop under the conditions obtaining in the 
West Baltic, so that the number above recorded must be doubled in 
order to give the number occurring per month under a square metre 
of surface water, This gives from January to April 370 eggs. Now 
the number of eggs produced by an adult female cod or plaice can be 
estimated with a considerable degree of accuracy, and the ratio of 
females to males can also be calculated. From the commerciar fishery 
statistics of the Eckenforde district and the above data Hensen calcu- 
lated that the number of cod and plaice annually caught by the Ecken- 
forde fishermen would, if allowed to remain in the sea, have produced 
23,400 million cod and 73,895 million plaice eggs annually. 

These numbers give for every square metre of the 16 square miles fished 
over 26.6 cod and 84 plaice eggs ; a total of 1 10.6 eggs. This added to the 
370 calculated above gives a total of 480.6, which is the number of eggs 
that would have been produced from all cod and plaice, captured and free, 
yearly for each square metre of surface water. Consequently 110.6 upon 
480.6 gives the fraction of the total quantity of adult cod and plaice 
actually captured. That is, man destroys each year about one-fourth 
of the adult cod and plaice in this particular area of the West Baltic. 

Quantitative Plankton E.stimation.— It has already been stated 
that the whole of the planktonic constituents of a known volume (jf 
sea water can be captured by means of the liensen vertical net; and 
therefore a comparison of the variation in the productivity of the sea 
at various seasons of the year becomes possible. There are four prin- 
cipal methods of quantitative plankton estimation; by volume, by weight, 
by chemical analysis, and by the enumeration of the individual constitu- 
ents. The estimation by volume is perhaps the simplest, but is open 
to several grave, objections. The catch having been preserved in alcohol 
is allowed to settle in a glass measuring cylinder, and then the result 
is read off after a few days. The main objection to this method is 
that the nature of the plankton might (and as a matter of fact does) 
vary considerably although the total volume be unaltered. The esti- 
mation by weight and the chemical analysis may be considered together, 
as the latter method was evolved from the former. Both these methods 
involve destruction of the plankton, and are therefore objectionable in 
the case of material obtained by oceanographical research vessels which 
have been fitted up for a special journey at great expen.se (f.r. Valdhna, 
6fu?/.r.r). Neither method involves .special difficulties; ordinary chemical 
quantitative estimation of carbon, hydrogen, nitrogen, chlorine, the esti- 
mation of a.sh, silica, and occasionally the quantity of chitin, cellulose, or 
soluble carbohydrates being made. A detailed consideration of the mode 
of enumeration of the individual organisms is beyond the .scope of the 
pre.sent: summary. : 

In brief, the method depends on an adaptation by Hensen of the 
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procebs used for the enumeration of the red blood-corpuscles in the 
human blood. Care is taketa firstly, to thoroughly mix the planktonic 
organisms in a known volume of liquid, and .secondly, to take known 
fractions of this mixture and by means of a special form of microscope 
to count each separate organism. Elaborate precautions are taken to 
ensure that the limit of error is reduced to the smallest possible dimen- 
sions. ■■■■ 

Some of the more interesting results obtained by the enumeration 
method merit a brief description. There arc certain small Crustacea 
invariably met with in the plankton; these are Copepoda (lit. oar- 
footed), which serve as the main food supply of the herring and other 
surface-living fishes. Hensen estimated that a litre of West Baltic sea 
water contained on an average from 72 to 89 Copepoda. The average 
depth of the West Baltic is 20 metres, and there are present for 
eVery square metre of surface water from 80 to 100 billion Copepoda, with 
a dry weight of 150,000 kilogrammes. In an ingenious manner Hensen 
endeavoured to measure the appetite of herring for Copepoda, and he 
finally came to the conclusion that in the r6 square miles of the Ecken- 
forde* district there existed food in the shape of Copepoda for 534 
million adult herring. The estimation of the free-swimming larvm ol 
the larger edible Crustacea, such as the crab and lobster, is also of prac- 
tical importance. The larvie of the edible mollusca, such as the mussel, 
are frequently present in incredible quantities. On one occasion in the 
We.st Baltic it is calculated that 170,000 mussel larvm were present for 
each .square metre of surface water. If all the.se developed into adults u’c 
should have for each square centimetre of ground no less than 17 mussels, 
which is obviously a physical impossibilit}’. It follows that only an ex- 
ceedingly small proportion of the larva; ever complete their development. 

Estimates were made by Hensen of the number of the smaller 
organisms, such as the microscopic Infusoria, the Peridineae, and the 
Diatoms. The number and mass of Diatoms probably exceeds all the 
other constituents of the plankton taken together. On account of their 
extreme minuteness the capture and enumeration of these organisms 
is attended with no little difficulty. Hensen estimated that every drop 
of water in the Baltic is inhabited by Diatoms. The North .Sea and 
especially the open ocean contain a much smaller quantity of Diatoms 
than the Baltic. The Copepoda of the North Sea, on the other hand, 
show no diminution. In the North Sea, in spite of the much smaller 
quantity of the total catch than in the Baltic, the meshes of the net 
were much sooner obstructed, and the net itself took on a ycllowish- 
greon colour. It therefore seems obvious that there exist in the plank- 
ton still smaller organisms which escaped through the meshe.s, and 
subsequent research has justified this surmise. 

The Cycle of’ Life in the SEA.—The animal life in the sea as 
well as on land is ultimately dependent on vegetable life, which by virtue 
,of its chlorophyll is kble to manufacture organic compounds from inorganic 
substances. Thi.s property is dependent on sunlight, and is therefore onl>' 
■po.ssible within depths to which the sun's rays are able to penetrate, that 
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is, a maxiinum of 43® yards from the surface. Thus by far the greater bulk 
of the ocean is unproductive of vegetable life, since it lies to a greater- 
depth than this. It is certain that the diatoms and other floating plants 
play a far greater role in the cycle of matter in the sea than do the 
attached seaweeds. The animals which inhabit the sea therefore depend 
ultimately on the planktonic plants. 

The amount and composition of the plankton exhibit a large seasonal 
variation, the autumn and winter plankton being characterized by a pre- 
clominance of vegetable organisms, so that when compared with the land 
products it is found that they take a position as regards nutritive value 
intermediate between rich pasture and lupine. This resemblance is quite 
remarkable, as will be seen from the following figures: — 

Albumen. Fat. Carbohydrates. Ash. 

Rich pasture ... 20.6 ...... 4.5 64.6 ...... ro.i 

Autumn plankton 20,2-21.8 2.1-3.2 60-68.9 •••••■ 8.5-15.7 

Lupine ... ... 20.6 2.6 72.0 4,6 


As spring approaches a remarkable change is noticed in the plankton. 
Diatoms increase suddenly, and we get the percentages of silica very much 
higher, so that in order to compare with land plants the weight free from 
a.sh is taken. The nutritive value of diatoms as compared with pea seeds, 
and lupine is shown by the annexed table:— 

Albumen. Fat. Carlrahydrates. 

Good lupine ... ... ... 29,3 2.8. 67.8 

Pea seeds ... 27.2 2.3 70.4 

Diatoms ... ... ... 28.7 8.0 63.2 


The percentage of fat in diatoms is invariably higher than in land 
plants, and the albumen is also relatively high. 

In the summer animal constituents come into prominence, and it is no. 
longer possible to compare the plankton with the land plants usually used 
as fodder. The albuminous con-stituents now predominate. 

Fat is in one case low, in another case high, and the carbohydrates are 
comparatively of small account. With regard to the purely animal con- 
stituents of the plankton a comparison has been instituted between the 
Copepoda and certain edible fish and mollusca. The comparison is not 
quite exact, because in the case of both the Copepoda and the mollusca 
the carbohydrates are to a large extent found in the alimentary canal, 
which is not removed before analy. sis, as is the case with the fish. In 
other respects, that is, for albumen and fat, the plankton Copepoda come 
between oysters and mussels on the one hand and lobsters and crabs on 
Lhe other. 

To sum up. What happens in the sea is this: The planktonic plants,, 
such as diatoms, utilize the inorganic substances present in the sea water 
and air, these substances being incapable ' of affording nourishment to- 
animals. This manufacturing process is aided by the bacteria, which 
prepare the inorganic substances from materials such as sewage. The 
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difitoms are devoured by small animal organisms like Copepuda, tlicse iii 
Uirn by fish, and fish in turn by man. Man himself is ultimately destined 
for bacteria, and .so the cycle perpetually runs its course. 

Nitrocjkn and Plankton. — In tracing the metabolic change.s which 
go on in the sea at all times, the German investigator.s were struck with 
the rdle played by nitrogen in the cycle of change.s (Stoffwech,sel). lirandt 
has calculated that but for, the action of denitrifying bacteria the ocean 
would long since have been poisoned by excess of nitrogen salts in solution 
derived from the wa.ste of the land. It is estimated that the rivens of the 
world convey to the sea annually no less than twenty-nine million tons of 
nitrogen in the form of soluble nitrogenous compounds. These compounds 
are attacked by denitrifying bacteria, and are reduced first of all to nitrite.Sj 
then to ammonia, and lastly to free nitrogen. 

The identification of these denitrifying bacteria and the investigation 
■of their action on nitrogenous compounds have been succes,sfully under- 
taken by the Kiel savants. Where these bacteria are most active, i.e. in 
warmer seas, a considerable denitrification takes place, and consequently 
the destruction of the most important nitrogen-containing inorganic food 
materials is here seen at its maximum. In colder regioihs these bacteria 
are less active, and less destruction goes on. Consequently colder seas 
are richer in plankton than those of the tropics; the Arctic Ocean, for 
instance, being much richer than the Sargasso Sea. In shallower seas the 
influence of the bottom and the proximity of the land is quite appreciable. 
Apstein divided the lakes of Holstein into two groups, those rich in 
plankton and those poor in plankton. Brandt investigated tire propor- 
tions of nitrates in the different lakes by means of the diphenykunine 
sulphuric acid reaction. The lakes rich in plankton were found to be 
also rich in nitrogen, and conversely. 

Dlstribution and Varieties oe Plankton. — The international 
investigators have devfrtccl con.siderable attention to the plankton, and 
they claim to have extended our knorvlcdgc of its distribution in the 
northern seas. I'o bring our account up to date a brief review of their 
■results is neces.sary. 

It is claimed that the investigations have succeeded in determining 
the distributimr of the various plankton organisms very exactly, so that 
one can now not only state the distribution of each single species, but 
ilso group together the species which have a common distribution, that 
IS, communities of the plankton forms can be described. A distinction 
is made between the plankton communities, which are restricted to the 
coastal waters (the neritic groups), and those which frequent tlie open sea 
(the oceanic groups). Each of the larger regions produces several plankton 
communities, according to the period of the year. Thus the Arctic waters 
in the neighbourhood of the coasts during the spring months contain a 
very rich vegetable plankton (neritic Tmnio- and Siraplankton), whilst the 
.open Polar Sea contains predominantly an oceanic plankton at this time 
{Chostoceras criophilum\ which later In the year is replaced by another 
plankton community distinguished specially by numerous specimens of 
Cemtium arctk'uiii. ■ . The same holds good for the organisms met with in 
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the Athuitic waters which stream through the Faroe Channel into the 
iSlorwegian Sea along the west coast of Norway, or farther south right 
into the North Sea. Along the coast we also meet with plankton corn- 
rnunities which are characteristic for different coasts. 

1 he -succes.s has also been attained here of demon.strating a regular 
series of plankton communities changing with the periods of the year. 
Invariably the vegetable plankton plays the chief role in this connection. 
As the planktonic forms characteristic for each region and each pericxl of 
the year are now known, it is possible to a certain e.xtent to state where a 
species met with has come from, and therefore the plankton serves as an 
indicator of oceanic currents. 

As stated above, one can follow the Atlantic forms along the west 
coa.st of Norway, also into the North Sea and the Skager Rack 
Arachnactisy^ the forms are also known which reach to the Skager Raclc, 
Cattegat, and Baltic through the Jutland current from the Kngli.sh Channel 
and the southern part of the North Sea, as also the other forms which are 
carried with the Baltic stream through the Belts into the Skager Rack. To 
the south-east of Iceland a sharp boundary is found between the Atlantic 
plankton to the west and the Arctic plankton to the east, which accords 
with the hydrographical boundary. The Atlantic plankton can be followed 
in the north along the west coast of Iceland, and the Arctic plankton 
to the south as far as north of the Faroe Islands (East Iceland Polar 
Stream). The plankton is thus an important aid to hydrography, and the 
great mass of observations made by the International investigators will no 
doubt prove extremely interesting when fully worked out. The plankton 
is found to vary considerably in its distribution. The Arctic watens are 
especially rich quantitative!}' in the summer months, and above all, in the 
neighbourhood of the coasts. This is also the case with the Liim Fjord 
and the Cattegat, and further in the basin of the Denmark Straits where 
the Atlantic and Arctic waters cause a rotation. Other regions, c.g. over 
the Faroe Iceland Ridge, where there is no rotation, are particularly poor 
in plankton. The causes of these differences are at present imperfectly 
known, ■ 


CHAPTER III 

THE NATURAL HISTORY OF EDIBLE FISH 

Since Sars’ epoch-making discoveries of 1864-5 the main features of 
the spawning and develo{)ment of the north European marine fishes have 
been described with some detail. , With the notable exception of the 
herring, the eggs of which are demersal, the eggs of most of our edible 
sea fish are pelagic, and in the spring months of the year form an 
important constituent of Jhe plankton. The description of the spawning 
and development of the cod dr plaice would be applicable to most market- 
able fish, though naturally with modifications in matters of detail. Put as 
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briefly as possiblcj the main facts are as follows. In the spring months 
or even late in winter the adult fish move out into deep water, the depth 
varying for different species. It i.s now definitely known that spawning 
take.s place not on banks, as was formerly thought to be the case, but in 
depressions in the sea floor, lixcept in the case of certain Elasinobranch 
fi.shes, such a.s dogfish and skate, the fertilization of the eggs of marine 
fish talces place in the sea water after the ova have been e-xtruded from the 
parent fish. The genital products, both ova and spermatozoa, are shed 
promiscuously into the surrounding water. It is, of course, es.sential to 
development that each ovum should be impregnated with a spermatozoon. 
Whether this act is absolutely dependent on fortuitous circumstance.s, or 
whetlier there is some attractive force, is not at present clear. I'he fertil- 
ized egg undergoes its development whilst floating in the upper layers of 
sea water, and during this period it is quite at the mercy of wind and tide. 
The egg is small (vjb- in. in the solenettc to as much as in. in the hali- 
but), but is visible to the naked eye as a minute splmre of jelly-like 
transparent substance. With a microscope it is possible to make a dis- 
tinction between the shell and the contents. The former is strong but 
non-calcareous, the latter divisible into the yolk, which .serves as nutri- 
ment for the developing embryo, and the gcrmiiral dt.se, which occupies 
the lower portion of the egg when flotiting in the natural position. After 
impregnation, or fertilization as it is more usually termed the germinal 
disc commences to segment, and at the same time it gradually grows 
over and ultimately covers the. yolk. The rate of development varies with 
the temperature; the higher the latter the more rapid the development. 
After a few days the part.s of the young fisli’s body become distinctly 
marked off, the head, the tail, the precursor of the backbone (notochord), 
and the muscular segments being among the first recognizable elements. 

After a varying period, usually from a fortnight to three weeks, the 
young fish is hatched* i.c. it escapes from the .shell into the surrounding 
water, At this period of ite existence it carries a relatively enormous bag- 
attached to its ventral surface. This bag contains the remains of the yolk, 
upon which the young larva continues to feed for some few days after 
hatching. When the yolk is ultimately absorbed the larva feed.s on the 
surrounding plankton. It i.s a curious but indisputable fact that the larvm 
of asymmetrical foa-ms, like the plaice or sole, arc like young round fish 
when hatched, the asymmetry being gi-adually acquii-ed as development 
proceeds. The early stages of the development of our maifne fishes is fairly 
completely known, but the larval and post-laiwal stages have until the last 
year or two presented considea'able difificulties, as they wea-e not captured, 
at any aaite to an appa-ecaable extent, in the ordinary tow-aiets. 

The Intea'national anvestigatoi-s have quite recently designed nets for 
the special purpose of captiu'ing these larval and po.st-Iarval forms, which 
were supposed to inhabit intermediate depths not explorablc by the 
ordinary tow-net. 

Among these nets may be mentioned the “ Schorbrutnetz ” of Ehren- 
baum amd Strodtmann, aiid the "young-fish trawl” of Pettersen. The 
former instrument is really a large tow-net with a square opening (fig. 380). 
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Tile essential feature of the apparatus is a large sheering-board attached 
to the lower edge of the mouth of the net and inclinable k any angle; by 
this contrivance the net can be towed at any required depth. The young- 
ish tiawi is designed to fish either at the bottom or at any required 
intermediate depth. In both cases the nets are composed of material 
of very fine mesh. By means of these nets striking results have ahead)- 
been obtained, and much material has been accumulated which will 
duubtlc.ss require considerable time for detailed examination, 

Life-ijistoky of the Lel. — Mention may, however, be made here 
of the work of Schmidt on the post-larval stages of the Gadoids (cod, 
whiting, haddock, coalfish, pollack, &c.); and his discovery of the spawning 
place of the fresh-water eel. It has long been known that the eel, as 



it approaches maturity, descends to the sea, assuming a characteristic 
coloration as it does so. In the sea it becomes sexually mature, spawns, 
and there the young are hatched. Young eels are so unlike the adult 
that when first disecivered they were considered to be a cli.stinct species, 
to which the name “ Leptocephalus ” was given. The situation of the 
spawning places, the characters of the eggs, the development of the 
embryo, and other details were quite unknown. Schmidt discovered large 
numbers of the young transparent forms or “ Leptocephali ’’ at depth-s 
of 1000 metre.s along the Atlantic slope, and although neither the ova 
nor the spawning eels have yet been taken, there can be no doubt that 
the fresh-water cel spawns at considerable distances from the shore and 
at great depths (fig. 381). . ' 

A good deal of the International investigations were naturally directed 
to the elucidfition of the natural history of important food fish. At the 
commencement, a valuable working hypothe.sis : as an explanation of the 
migration of fishes was placed at the disposal of naturalists by the 
Scandinavian investigators, Pettersen, Ekman, and Clevc. According 
to this theory it is the marine currents arising from the mingling of 
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the Gulf Streara, the Polar Stream coming from the Arctic Ocean, and 
the fresh- water effluents of the Continent, which are of prime importance 
for the explanation of the distribution of migratory fishes. This hypothesis 
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has been elaborated by these author.? in the ca-se of the Eohuslan herring. 
We are informed, however, “ that the International investigation.s accom- 
plished up to the present do not yet lead to any condu.sion on thi.s point, 
so far a.? can be judged frqjn the results to hand 

One of the most interesting discoveries with regard to the natural 
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accepted only with extreme caution. It i.s difficult to estimate wliether 
the marked fish behave after liberation in a similar manner to individuals 
that have not been tampered With. We have no accurate means at 
present of ascertaining the proportion of marked to unmarked fishes in 
any given area, but in the vast extent of fishing grovind.s included in 
the North Sea area the proportion mi.i.st be an extremely .small one. 
There i.s little ju.stification for making statements as to migration when 
the paths are traced as the re.sult of the movements of a few individuals. 
Further, it must not be assumed in the case of fish that have been returned 
after a considerable time that they have moved directly from the place 
of liberation to the locality of recapture. In some instances fish have 
been recaptured after an interval of two years. In such cases the proba- 
bility is that the fish have wandered about considerably. Results which 
profe.ss to give an indication of the “intensity of fi.shing” in a given 
area are also open to objection. In the .same area it is found that the 
number of recaptured fi.sh varies within extreme limits, according to 
whether the fish are liberated just before the commencement or at the 
end of the season’s fishing. Although the so-called “ intensity of fishing ” 
may at .some periods of the year on certaiji grounds be verj^ high, no 
deduction as to depletion can be made, since at another period the 
same ground may be practically unfi-shed. 

The rate of growth can probabR be determined with greater accuracy. 
Marking fish does not appear to produce any deleterious effects as regards 
growth; there is, however, as would naturally be expected, considerable 
variation in the growth rate of individuals, and before compari, soils are 
made between the rate of growth on varioius grounds, a much larger 
number of individuals than hitherto must bo dealt with in order to 
free the result from chance fluctuations. In tlie case of migratory move- 
ments it is claimed that seasonal migration takes place; very possibly 
seasonal variations in the environment affect the movements of flat and 
other fish, but there does not appear to be sufficient evidence to enable 
one to say whether such movements be periodical or not. 

It is claimed by the English branch of the Internationa! investigation.s 
that south of latitude 53° 30' in the North Sea plaice for the most part 
travel south during the winter and to the north during the summer. 
On the other hand, the tendency on the western side of the North Sea 
north of latitude 53 degrees is distinctly northward in the winter time. 
It may, however, be stated that there does not’ appear to be any marked 
agreement in the results as yet published, and opinion amongst the 
various investigators is by no means unanimous. 

The deduction of the rate of growth is possibly open to less objection 
than either attempts to trace migration paths or conclusions as to intensity 
of fishing. Johnstone finds that' Irish Sea plaice .scarcely grow at all during 
the first three months of the year, and this (fig. 383) is also the case 
during the last three months. In, April the season’s growth begins, and 
this is most rapid during the montlra June, July, and August. 

The International investigators say that the growth of plaice is much 
more rapid on some grounds-^^^. thC' Dogger Bank — than on others—- 
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c.A’-. the Horn Reef; and it is claimed that fish transplanted from the 
latter .s^nnmds to the former t>row much more rapidly than in their 
natural habitat. In fact, the sugge.stion has been made that it would 
pay commercially to transplant , plaice from one ground to the other 
Danrsh fi.shermen have for years past transplanted small plaice from the 
outei waters of the Liim l'jord to the Tliisted Bredning, but as the latter 
ground i.s practically a salt-water lake the conditions of the experiment 
hardly bear comparison to a proposal to transplant to the Dogger Bank. 

^ The results up to the pre.sent obtained with respect to thV intensity 
of fishing vary extremely, and it would perhaps be as well to refrain 
from accepting the statements until the experiments have been reireated 
on a much larger .scale. On the fushing grounds of the North .Sea, 



Skager Rack, and Cattegat the percentages of recaptured fish vnry from 
4 to. 56. . , 

Hatcheries for Sea Fish, — A certain section of scientific experts, 
being of the opinion that an impoverishment of the fishing ground,s was 
in progress, advocated the establishment of institutions for the hatching 
of sea fish. Unlike fresh-water species, sea fish can at present only be 
hatched and not reared; that is to say, they are set free in the mo.st 
helpless condition, and quite possibly weakened by their development 
under artificial and unnatural surroundings. Hatcheries have no doubt 
up to a certain point been useful; they have certainly enabled us to study 
the development of fish in a far more detailed and comfortable manner 
than would have otherwise been possible. The growth of sea-*fish hatcherie.s 
ha.s been the less subject to criticism, since they do not in any way 
interfere with vested interests. As an alternative to restrictive legislation 
they have been rather encouraged than otherwise by the fishing trfidc, 
more especially .since their cost has been relatively so little, as of itself to 
afford but slender grounds for adverse criticism. It is extremely doubt- 
ful whether they can in any sen.se be considered as economic successes 
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It was in the United States that sea-fish hatching on a lari^e scale 
was first pi-actised, and they are still easily first, in, this field. In 1907 the 
United States Fi.sb Coininis.sion claims to have liberated over 2,511 million 
fish fi-y (including both salt- and frc.sh'vvater si)ecie.s). Uod, flounders, and 
lobsters are the chief marine forms dealt with. Canachi, Newfoundlaird, 
and Norway have also taken up fi.sh hatching. In Great Britain marine 
hatcheries arc established at Aberdeen, Picl (near Barrow -in -Furness) 
(fig. 384), and at Port Erin in the Lsle of Man. The modus operandi 
varies slightly at different institiition.s, hut generally .speaking i.s somewhat 
as follows. The mature fish are captured in the autumn by a steamer 


specially detailed for this work, they are then kept in tanks or ponds 
through the winter until the hatching operations commence in the following 
spring, These mature fish arc claimed to constitute a reserve of spawners. 
The eggs, after being artificially fertilized, are placed in wooden boxes 
kept in constant motion by an automatic arrangement. A constant current 
of sea water is maintained through the boxes. Shortly after the young 
fish arc hatched, the period of incubation varying from two to three 
weeks, they are liberated on the off-shore grounds, where similar larvae 
are met with in the natural condition. 

. It would serve no useful purpose to enter into a detailed and destructive 
.^riiicism of sea-fish hatching in the present article; the reader is referred 
■'to the last chapter of Johnstone’s work on British Fisheries for a moderate 
an(l 'well-stated criticism- of marihe' pisclcultute. 

( X (2Q'fiiCt|JSiON. — One of flja’ most debatable questions connected with 
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oiu sea fisheries is that of overfishiny, and closely connected with this 
is the further question of the destruction of immature fish. Both sub- 
jtxts have been investigated and discussed ad nauseam-, many Roj-al 
Commissions and Departmental Committees having sat and inquired 
into them. Frantic and even tearful exhibitions of pi.scatoriar rhetoric 
ha\-e been displayed at various Fishery Conferences during the last 
decade, and Government after Government has been accuscil of de 
plorablc apathy. The fact is, however, that the depletion of the fishing 
grounds revealed to the Select Committees of 1893 and ipcjo has exer- 
cised little or no influence on the fi.sh supply of this coimtrj'. With 
the advent of large and powerful steamers able to keep the .s"ca in all 
weathers, the exploitation of more remote fishing groimd.s ha.s been 
rendered both possible and profitable. British fi.shing vessels visit Ice- 
land, the White Sea, the Spani.sh coast, and even distant Morocco. The 
discovery of these virgin grounds has resulted in an enormous stimulus 
to the trawling industry, and the questions of impoverishment of the 
grounds or destruction of undersized fish have been lost sight of in 
the scramble for wealth. There can be no reasonable doubt that the 
home and adjacent fishing grounds arc capable of being, and in the 
past have actually been, fished on to such an extent that the grounds 
become exhausted, ie. incapable of supporting commercial fishing for 
a period. Whether such is likely to be the case with the far-d'i.stant 
grounds now being exploited it is very difficult to say. Modern trawlers 
are fitted up with ice, cold-storage apparatus, or refrigerators. Voyages 
of a protracted duration are made, and who will be bold enough’ to 
place a limit on them? Statistical evidence of the hature nou' being 
collected by the Board of Agriculture and Fisheries will alone show, 
after a few more years’ material has accumulated, to what extent the 
sea fisheries will stand the strain of man’s ceaseless and ever-increasing 
destruction. : . ; 
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